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ABSTRACT 


A new network management system named Server and Agent based 
Active Management (SAAM) has been proposed [Ref: 1]. SAAM can locate 
and fix network problems much more quickly than today’s systems. Stand- 
alone routers are used in current network architectures. In contrast, 
SAAM employs dedicated servers that collect packet performance 
information from the routers and use the collected information to 
predict, detect and respond to network problems. In other words, SAAM 
relieves individual routers from most routing and network management 
tasks. SAAM allows the development of a lightweight router. 

The primary goal of this thesis is to prototype a lightweight 
router that 1s suitable for the SAAM architecture. The Active 
Networking approach was explored. Active Networking refers to the 
addition of user-controllable computing capabilities to the network. 

The result of this thesis is a lightweight router running on a 
Linux machine. The router is connected to the Active Network Backbone 
(ABONE) by uSing a software package called Active NETworks Daemon 
(ANETD). ABONE is an experimental wide area network, where more in- 
depth research of SAAM router and server can be conducted. 

All major active network programming languages and their 
underlying support were evaluated. Verification of the lightweight 
router concept was conducted uSing server-probing experiments. The 
results demonstrate that it is straightforward for a SAAM server to 
collect performance information from lightweight routers that support 


active networking. 
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I. INTRODUCTION 


A. SAAM(SERVER AND AGENT BASED ACTIVE NETWORK MANAGEMENT ) 


In current networks, when a user notices a network problem with 
his/her application, he or she will notify a network administrator. The 
network administrator then uses some network management system to 
identify the problem by querying various network nodes (e.g., routers) 
for usage information such as whether a particular link is up. After 
the network administrator has located the problem, he or she will 
attempt to solve the problem by reconfiguring software or hardware. 
This process can require anywhere from a few minutes to several days, 
far too long for the response time requirements of the Next Generation 
Internet (NGI), which must Support real-time applications and provide 
stringent Quality of Service (QoS) to individual users. 

To address the above problem, a new management system, named 
Server and Agent based Active Management (SAAM), has been proposed. 
(Ref: 1]. SAAM can locate and fix network problems much more quickly 
than today’s systems. Current network architectures requires each 
stand-alone router to participate in almost all routing and management 
tasks. This approach is becoming too inefficient to meet the stringent 
Quality of Services (QoS) requirements of the NGI. SAAM addresses this 
problem by relieving individual routers from most routing and network 
Management tasks. In particular, SAAM employs dedicated servers that 
collect packet performance information from routers and use _ the 
collected information to predict, detect and respond to network 
problems. 

To illustrate the approach used in SAAM, consider road traffic 
monitoring and control during commute hours in a large city such as New 
York. In this case radio stations are the main management entities. 
They send out helicopters to monitor traffic on roads in their 
respective coverage region. The information from the helicopters is 
aggregated at the stations and advice messages are broadcast in real- 
time to commuters. The use of helicopters has several advantages. 
First, a helicopter maintains a global view of a region, making it 
possible to monitor traffic over long routes (“paths”); such monitoring 
is required to produce real-time advice such as “It will take about 30 
Minutes to go to place A from place B following road X.” Second, a 


helicopter can spot traffic trends, predicting or detecting congestion 


before the problem grows; such early warning is key for effective 
traffic contwel..Inwconbeaste each. indy ducal amoren oemcanmonly monitor 
traffic within a short radius. 

Current network management systems behave like road traffic 
monitoring. They depend mostly on reports from individual motorists. 
SAAM follows the helicopter model. Specifically, SAAM maintains a 
global view for each network region in terms of packet performance as 
well as resource usage and availability. As such, quick responses and 
proactive control are possible as seen in the Helicopter example. 

Tt is obviously inefficient to require each router in the region 
to maintain this global view. Unfortunately this is exactly what some 
current routing algorithms (e.g., OSPF) are doing. SAAM addresses this 
problem by employing a dedicated server ("helicopter") that will manage 
the global view for the region. With the global view, the server 
becomes a much more appropriate place than the router to perform 
decision-making tasks such as routing and resource reservation. itigt 
other words, SAAM allows the development of a lightweight router that 
delegates most decision-making to a SAAM server. In this thesis I will 
investigate how to prototype such a lightweight router using Active 


Networking. 
B. THE LIGHTWEIGHT ROUTER 


SAAM deploys dedicated servers, at least one for each Autonomous 
Region, that perform decision-making tasks for the routers (Such 
servers are formally called SAAM servers). As a result, we can design a 
router that is lightweight in terms of functionality requirements for a 
SAAM environment. 

Although lightweight, such a router should be carefully designed 
to ensure good network performance. There are minimum tasks that the 
SAAM routers will be performing. 

Specifically, there are four tasks that the lightweight router 
must perform even with the assumption that the SAAM server makes 
decisions on routing, resource reservation, network management and 


security. 


1) The router will perform the task of packet forwarding. Actual 
data packets will not go through the server. They will be handled 


by the routers as before. 


2) The SAAM server will make the routing decisions for routers. 
However, the router must be able to accept server commands to 
update its routing table. In general the router should be able to 
act based on the server commands. The situation is illustrated in 
Figure 1.1. The server sends instructions to the router; the 
routers carry out the instructions. The server can send a program 
to a specific router and that router can run this program. The 
router should also have the execution platform for that 
instruction. Any execution platform can be loaded to any router 
by the server with the active networking approach. This program, 
which is sent by the server, is called a resident agent. This 
program has the ability such as to change the state of the router 


to update its routing table. 







Implementing the 
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Router 1 


Router 2 


Figure 1.1 Server - Router Relation. 


3) The router must be able to measure the packet performance 


(delay, loss, etc.) of its links. It must be able to pass such 


tod 


performance information to the server. This monitoring should 
also be customizable by the servers. Because this monitoring is 
essential for the server to maintain the global view of the 
region and make GOrmect decisions. In Figure ee the 
bidirectional arrows between the server and the routers reflect 
this requirement that the routers send their performance 


measurements to the server. 


4) The router must Support server probing. Peogure 1.2 
illustrates the concept of probing by the server. The aircraft 
represents a probe, which is a mobile agent carrying code (e.g., 
JAVA applet) that will collect information from a specific path 
of routers and bring the information back to the server. Such 
probing gives the server a fast way to verify the authenticity of 
the global view that it maintains, independent of router 


measurements. 


Serv 





Router 1 Router 3 





Router 2 


Figure 1.2 Server Probing of the Server. 


c- BUILDING A LIGHTWEIGHT ROUTER 


Active networking is a solution to the problem of automatically 
collecting pertinent network management information for a SAAM server. 

Applications can inject customized programs into network nodes 
with Active Networking. Now the network nodes do not only forward what 
they receive, but they can also perform computations with them. 
Information injected in the network can be modified, stored or 
redirected while it is being forwarded. So we can say that Active 
Networking refers to the addition of user-controllable computing 
capabilities to the network. 

Active Network can achieve its goal through the concept of self- 
directing units. This unit, as we will see in the next chapters, 1s a 
piece of code, which can be written in different languages or 


platforms. There are two advantages to this approach. 


1) The server will be able to dispatch resident agents to perform 
necessary functions at the lightweight router. This meets 
requirements 1 through 3 stated in the previous section by 


sending necessary agents. 


2) The server will be able to verify the information, which 
routers collect with server probing. The SAAM server can probe 
the routers at any time with the Active Networking approach. 


This meets requirement 4 stated in the previous section. 
1D THESIS ORGANIZATION 


In this thesis I will investigate how to prototype a lightweight 
router for SAAM using the Active Networking approach. This thesis is 


organized into the following chapters: 


Chapter I: Introduction. This chapter provides an introduction to 
Server and Agent based Active Network Management (SAAM) and the Active 
Networking approach that is used to build a lightweight router for 


SAAM. 


Chapter II: Baekouound . This chapter provides a detailed 
explanation of the SAAM architecture and the Active Networking 


approach. 


Chapter III: Design. This chapter explains the issues involved in 
designing an active router, such as choosing the correct hardware, O/S, 
and the execution environments. This chapter also explains how to 


connect a router to the Active Network Backbone (ABONE) testbed. 


Chapter IV: Implementation. This chapter explains the steps that 


are taken to build an active router. 


Chapter V: Verification. This chapter describes a preliminary 
evaluation of the active router. In particular, a server probing 


experiment is conducted using such routers. 


Chapter VI: Conclusions. This chapter presents an overall 
assessment and lessons learned. It also contains suggestions for future 


work. 


II. BACKGROUND 


SAAM architecture, the hierarchical design of SAAM and the 
advantages of this architecture are explained in the first part of this 


chapter. Active Networking is explained in the second part. 


A. SAAM ARHITECTURE 


We envision SAAM to be the common platform where different 
network functions such as routing, resource reservation, network 
management, eaccounting, and security can be integrated. By 
concentrating network management and control among a smaller number of 
servers, SAAM can potentially be used for faster deployment of new 
services than is currently possible [Ref: 2]. 

SAAM deploys dedicated servers that perform decision-making 
tasks for the routers. This enables designing a lightweight router in 
terms of functionality requirements for a SAAM environment. A SAAM 
server has two major functions. First, a SAAM server maintains a global 
view (Path Information Base) of a network region. The helicopter 
example in the previous chapter explains this situation. SAAM servers 
can monitor traffic over long routes. Second, SAAM servers’ make 
decisions on behalf of the routers in the region Iiis, 1S the wirece 
step for building our lightweight router. The server can send these 
decisions to routers, then the routers carry out the instructions. 

SAAM architecture should be able to automatically and efficiently 
reconfigure the network before problems occur. We need this for the 
NGI. So it should be proactive which means the servers can detect and 
react to changing network conditions in a very short time, perhaps 
within fractions of a second. The term proactive can be explained with 


the example in Figure 2.1. Suppose we have a path from A to F, packets 





Figure 2.1. An Example. 


follow the path A, B, €7 EH and F. But consider tar 4, > 20> ena ses) 1a 
the link between C and E. The architecture can provide a list of 
Suitable candidates for a replacement sub-path to E. The packets can be 
directed to E via D. 

SAAM organizes its servers in a hierarchy the same way as the 
Domain Name Service (DNS). Each server is responsible for only a small 
number of network nodes, which can either be routers or servers at 
lower levels. At the first level, SAAM partitions the network into 
autonomous regions, and sets up one server for each region. An example 
two-level sever hierarchy is illustrated in Figure 2.2. Bl, B2 and B3 
are first level servers, interacting with routers (C1-C8) directly. Al 
is the second level server, it treats Bl, B2 and B3 as routers and 


manages communications between them. 


> 
: 






Figure 2.2. Hierarchical Organization of SAAM servers. 


In addition to being scalable, another big advantage of the 
server hierarchy approach is that it makes it possible to gradually 
deploy SAAM into today’s networks. Top level servers in the 
architecture exchange information for its region. Al in Figure 2.2 


speaks for its region with other top-level servers. 


SAAM servers can provide new logical layers between the 
management station of the network and the routers. For example; Bl in 
Figure 2.2 will collect and maintain up-to-date path information for 
ies -reGlLOneamalacan Get amtormaticon from Cl, C2mand Caw semvers at a 
given level will communicate with a parent server that can maintain 
performance information for paths crossing multiple regions. In Figure 
2.2 Al is the parent server that can maintain performance information 
for paths crossing Bl, B2 and B3. So we can say that the SAAM servers 
can perform most management and control tasks in an automated and 


timely fashion. 


B. ACTIVE NETWORKING 


Active Networking means Reem agcteren of user-controllable 
computing capabilities to the network. The network is no longer viewed 
as a passive mover of bits, but rather as a more general computation 
engine. Active Networks allow individual users, or groups of users, to 
inject customized programs into the network. The information injected 
into the network can be modified, stored or redirected as it is being 
transported. 

Active Networks are capable of producing a new networking 
platform, flexible and extensible at runtime to accommodate the rapid 
evolution and deployment of networking technologies. 

Active networking is a solution to the problem of automatically 
collecting pertinent network management information for our network, 
which can also support NGI. This approach also satisfies the needs of 
the SAAM server. Because the SAAM server can query the routers in its 
region, this helps to verify the QoS information coming from each 
router. The SAAM server can also send commands, which the routers 
understand and accept. So the server can tell the router to update its 
routing table in the way it wants. 


SAAM servers can obtain the information for a path by sending a 


probe ("active packet") through that path. The probe records its 
transfer delay and other performance statistics. An example is 
Hilastrated in Figure .2.3. S2 1s a SAAM server. It sends a probe 


through the Rl, R2, R3, R4, and R5 and records the transfer delays for 
the path between the routers R1 and Rd. 


One important advantage of this approach is that the routers can 
be programmable by the server. This means that processing is moved to 
the server. The processing is important for a lightweight router. 

The Active Network consists of active nodes connected to each 
other. Every node has an operating system and one or more execution 
environments. The operating system at the node is responsible for 
allocating and scheduling the node’s resources (like bandwidth, CPU 
cycles and storage). Each execution environment at the node implements 
a virtual machine that understands a particular type of active packets. 


Java's virtual machine is an example of an execution environment. 





oe Se, 





Figure 2.3. Server Probing. 


The relation between an execution environment and the operating 
system is illustrated in Figure 2.4. The functionality of the node is 


divided between the Execution Environment and the Node Operating 
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system. Every Execution Environment exports an API or virtual machine 
that users can program by sending packets to it. 

The node Operating System hides the details of resource 
Management and isolates the behavior of Execution Environments from 
each other. Meanwhile the Execution Environment hides the details of 
interaction with the end user (through active packets) from the node 


Operating System. 


ACTIVE NODE 





EXECUTION 
ENVIRONMENT 
(ONE OR MORE) 


OPERATING 
SYSTEM 


Figure 2.4. Active Node. 


The flow of packets through an active node is shown in Figure 2.5 
(Ref: 3]. The active node classifies the packets it receives according 
to their ANEP headers. Then these packets are placed in channels 
according to this classification. 

In Figure 2.5 EEl receives ANEP packets of a particular type. 
Fach packet is encapsulated in a UDP datagram, which in turn is 
encapsulated in an IP packet. EE2 also receives UDP datagrams 
containing ANEP packets of a different type. EE3 receives TCP packets 
encapsulated in IP. As we see in the figure every packet matches an 
Execution Environment (EE). Each incoming packet should match at most 
one EE. Incoming packets that match no description are dropped. In the 
figure the IP packet is dropped because it does not match any EE. So no 


EE receives it. 


In 


Input Channel EE Processing Output Channel 
Processing Processing 


Figure 2.5. Active Node Processing. 


Active Network Encapsulation Protocol (ANEP) allows users to send 
their packets to a particular Execution Environment. It specifies a 
mechanism for encapsulating Active Network frames for transmission over 
different media. 

The programs sent to the active node are carried as the payload 
of an active network frame. The format of the ANEP header is shown in 
Figure 2.6. Execution environments are assigned a type identifier 
number in the packet header. So each packet can go to a different 
execution environment according to the type identifier field of the 


ANEP header. Detailed explanation of the ANEP fields can be found in 


[Ref: 4]. 
ce 
ANEP Header Length ANEP Packet Length 
ni eee 


Figure 2.6. The Format of the ANEP Header. 
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III. DESIGN 


Several important design decisions must be made when prototyping 
a lightweight active router. They include the choice of hardware and 
the operating system and the selection of an Active Networking platform 
and the associated execution environments. The issues surrounding these 
decisions are discussed in this chapter. Our design decisions are also 
presented, which include installation and operation details for each 


component that we have selected. 


A. SELECTION OF HARDWARE AND OPERATING SYSTEM 


It is very important to select the appropriate hardware and 
operating system for the lightweight router because these decisions 


affect every aspect of the router. The choice of hardware depends 


largely on budget considerations. Today a very powerful PC e.g., a 
400Mhz Pentium II processor runs around $2500. Such a PC works well 
for prototyping a lightweight router as we have done. More expensive 


hardware will be required to support higher data transmission speeds in 
real networks. 

The CPU, RAM and hard disk are the most critical components of 
the PC. For our prototype we used a DELL XPSR400 PC. The CPU is a 
400Mhz Pentium II. There are 256 MB of RAM (100Mhz SDRAM). The Hard 
drive is an 8.4 GB EIDE Ultra ATA. The requirement of hard disk space 
depends on the set-up of the PC. If one operating system were to be 
installed, then 3GB harddrive would be enough. It should be noted that 
if you plan to install multiple operating systems you should check the 
hardware requirements for each of them. This is because each operating 
system may have special hardware requirements. You have to find the 
optimum configuration for your PC that will work with all target 
operating systems. We selected a relatively large (8 GB) hard drive 
because we wanted to try out more than one operating system. 

The operating system at the router is also very important because 
as discussed in the previous chapters, the operating system determines 
which execution environments can be used. Specifically, the operating 
system is a middle layer between the execution environments and the 


hardware resources. 


The DOS, NT and Linux operating systems are installed to our 
prototype router. We used a program called System Commander Deluxe to 
Switch between them at boot time. System Commander is a software tool 
made by VCOMMUNICATIONS, Inc. It simplifies the task of maintaining 
multiple operating systems on a PC. Figure 3.1 shows the basic hard 
disk organization, independent of any operating system. The Master Boot 
Record is the first sector on the hard disk, controlling which 
operating system will be loaded at boot time. When System Commander is 
installed, it replaces the master boot record with its own master boot 
record to control the boot up process. System Commander ensures that 


different operating systems at the PC do not interfere with each other. 


HARDDRIVE QO 
—_ Mater Boot Record 








Partition 0 pointer and info 
Master Boot Record and Partition 1 pointer and info 


Disk Partition Table Partition 2 pointer and info 


Partition 3 pointer and info 
Primary Partition 0 


Primary Partition 1 


Primary Partition 2 


Primary Partition 3 


Figure 3.1. Basic Hard Disk Organization. 


Choosing the proper operating system for the active node depends 
on the Active Networking Platform on which you will implement all 
execution environments. In our case the Active Networking Platform is 
Active Networks Daemon (ANETD v1.0) which will be explained in the next 
section in detail. One important thing that we should know about ANETD 
is that you can run it with Linux on X86, FreeBSD on X86 and Solaris on 
Sparc. So the main reason for our selecting Linux as our main test 


operating system is that we wanted to run ANETD. 
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B. ACTIVE NETWORKING PLATFORM 


ANETD is the software that connects our prototype router to the 
Active Network Backbone (ABONE). The reason for choosing ANETD as the 
networking platform is that first it is needed to connect to ABONE 
second it allows the deployment of different execution environments to 
the routers. ANETD iS an experimental daemon specifically designed to 
support the deployment, operation and control of active networks. ANETD 
performs two major functions [Ref: 5]. 

1) It allows the deployment, configuration and control of 

networking software (imeroaing experimental execution 

environments for active networking) into the network. ANETD 
allows routers to share the same software, and allows’ the 

deployment and control of distributed network services through a 

centralized source. Hostl in Figure 3.2 installs an EE from a 


central server to host2 and host3. 


Server 





EE 





Figure 3.2. Deployment of EE from a centralized source. 


2) It demultiplexes active packets (encapsulated uSing ANEP) to 


multiple execution environments located on the same network node 
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and sharing the same input port. ANETD listens to a unique user- 
assigned UDP port and accepts ANEP encapsulated packets. ANETD 
also checks the ANEP header of each packet to determine which EE 
it is for. An application at the router can receive traffic 
demultiplexed by ANETD coming from a port. It can be seen in 
Figure 3.3 that the incoming packets are demultiplexed by ANETD 


and they are sent to the appropriate execution environments. 





Figure 3.3 Demultiplexing of packets by ANETD. 


ANETD is implemented in “C”. It uses the standard UNIX API. So it 
should be portable to any Unix platform. 

ANETD can be invoked as a user application and it does not need 
any runtime privileges [Ref: 5]. Typing the following command line can 


Start it 


ad.<ostype>{-p <ANEPport>] [-u <localportpoolstart>] [-s] 


e <ostype> 
can have one of these values 
= solaris = SunOS 5.5e miming on Sparc 
Olin, = Lams) ruRminG son bate l sco 6 
- bsd44 = FreeBsd running on Intel x86 
e <ANEPport> is the port on which ANETD listens and is also 
demultiplexed (Default is 3322). 
e <localportpoolstart> is the starting port number for dynamically 


allocating local ports (Default is 8000). 


16 


e -S switch authorizes ANETD to send a small heart-beat UDP packet 
every 30 seconds to the main ANETD server. The current main 


ANETD server 1S sequoia.csl.Sril1.com. 


For example, to start ANETD on a Linux system using ANEP port 
3323 and allocating local ports starting at port 8010, one would enter 


the following command line: 


ad.linux —p 3323 —u 8010 


As another example, when the command below is executed, ANETD 
starts to listen on port 3322 and it uses 8000 for dynamically 
allocating local ports. It also sends a small UDP packet every 30 


seconds to the main ANETD server. 


ad.linux —p —u -s 


Control commands [REF: 5] used in ANETD are explained in Appendix 
A. There are 6 commands, load, query, kill, get, put and conf. These 
commands allow a client to deploy, configure and manage network 


application software. 


C. ACTIVE EXECUTION ENVIRONMENTS AND LANGUAGES 


There are a few experimental execution environments available for 
download. Each of them has some claimed advantages over the others. The 
important thing is to choose the one that fits your needs the best. The 
execution environments ANTS, PLAN and Smart Packets are installed and 
tested on our prototype router. Programs written for these execution 
environments can be found easily. They are explained in the following 


sections. 
1. ANTS 
ANTS is a Java-based toolkit for constructing an active network 


and its applications. Software Devices and Systems Group Laboratory for 


Computer Science Massachusetts Institute of Technology developed it. 
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The latest version is ime? he He can be downloaded at 
http: //www.sds.lcs.mit.edu/activeware/ants/. 

ANTS requires Java and Tcl to build and run. If you have Linux 
RedHat 5.1, you do not have to worry about installing Tcl, it is in the 
packages. ANTS is written entirely in JDK 1.0.2 compliant Java and can 
be run as a user level process with no special privileges. Before 
building from the ANTS distribution you must set your Java class path 
environment variable to include the home directory of the downloaded 
ANTS distribution. For example if that directory is /home/ants, then 


you must set, 


setenv CLASSPATH $HOME/ants:$CLASSPATH 


Then you type “make” at the top-level directory and ANTS will be 
fully built. The full distribageten@eomtains the following directormece 

- ants, the implementation of the active node runtime. 

- apps, network applications and their samples. 

- docs, papers and javadoc generated APIs. 

- runs, network configurations and result files. 


- utils, general purpose utilities. 


Classes of particular interest are: Node, Channel, UDPChannel, 
ConfigurationManager, Capsule, Protocol, Application. 

The apps directory contains sample applications. This directory 
may also be used as a platform to develop new applications. There are a 
couple of useful techniques for debugging the applications you 
construct. One of them, the log method of the Node class causes a 
message to be echoed on standard error. Another one is the recompiling 
with the static field Entity.logging set to true, which causes status 
messages to be printed. 

The docs directory contains two papers and the javadoc generated 
API reference pages. One paper describes the ANTS architecture. The 
other paper describes the general design and usage considerations for 
the ANTS programming model. 

The runs directory contains the configuration files that describe 
network arrangements, route files that describe route tables, start 
scripts that launch a network experiment, log files that record the 


output of the node messages. 
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The utils directory contains several classes that do not depend 
on the ANTS architecture. MD5 class, which is related to security, is 
also found in this directory. 

Next we describe an example ping program written to work with 
ANTS. The complete listing of the program is available in Appendix B. 
The program consists of three Java files: the PingCapsule class, the 
PingProtocol class and the PingAplication class. The ping program can 
be run with the script file ping.start, which can be found in the 
distribution.” The script Eile to mum Enis ping progqramecan be round in 
Phe runs directors 

A configuration file is needed to start the ping program. The 
configuration file is shown in Figure 3.4 and the start file is shown 
in Figure 3.5. The hosts in this example are three ports in the same 


machine. 


# simple ping configuration - 

# - three nodes (source, router, destination) 
# - duplex connected by udp 

# - all running on the same machine 

# - source pinging destination 


node 18.31.12.1 -routes ping.routes -log 255 

Shannel e-ot. 12-71 melon.cs.nps.navy .mil:socgr =log 255 
application ie-31-:12.1 apps.PingApplication -target lems 1223 
manager 18.31.12.1 -gui true -log 255 


node 18.31.12.2 -routes ping.routes -log 255 
channel 12.31.12-2 melon.cs.nps.navy.mil78002 —leg 255 
manager 18.31.12.2 -gui true -log 255 


node 18.31.12.3 -routes ping.routes -log 255 
channel 18.31.12.3 melon.cs.nps.navy.mil:8003 -log 
manager 18.31.12.3 -gui true -log 255 


CoOmnece lS .5 1. Sly lee oe lel 
connect 18.31. po eee oe Pes 





Figure 3.4 Ping Configuration File. 


The ping.route file is shown in Figure 3.6. This file in fact is 
created from the configuration file in Figure 3.4. The contents of 


these files will be explained in the next chapter. The ping program can 


also be run in an existing network. There are also script files for 
this purpose in the distribution of ANTS. These files are called join 


files. 


Java ants.ConfigurationManager ping.config 18.31.12.3 >& 
1euGl . 1223 leqac 
java ants.ConfigurationManager ping.config 18.31.12.2 >& 


eS 121 22. Loge 
Javacances Cont lgurationManager ping contig 18.3212 
el ior le sod. 12-3 
lea 1] ot? bee 1 12.2 





Figure 3.5 Ping Start File. 


# shortest routes, automatically generated 
# source destination next addr 
Bee oe leeelag Looe or ode 12. melon. 


LS 3122 : Pe A : ; : melon. 
18 34h Sie. : wie ; : : melon. 


dips yes pile lle : Peel ‘ : . melon. 
oe : ; ; melon. 
Ze : P ; melon. 





Figure 3.6 Ping.Routes File. 
2. PLAN 
a. Installation 
Plan (Programming Language for Active Networks) is a new 
language for programs that are carried in the packets of a programmable 


network. Plan is a strict functional language providing a limited set 


of primitives and datatypes. 
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You can install plan software in two ways. You can obtain 
the class files and execute them directly or you can obtain the entire 
source and build it yourself. Both distributions contain all of the 
documents and the sample programs. 

Three packages are needed for source installation. 

-JDK 1.1.X: Java Development Kit 

You can get this at 

http://www. blackdown.org/java-linux/Mirrors.cgi/. 
-Pizza: A Substantial Companion to Java, version 0.39 
You can get this at 

http: //www.cis.unisa.edu.au/~pizza/. 

-JavaCC: The Java Compiler Compiler, version 0.6.1 
You can get this at 


http://www.suntest.com/JavaCC/index. html 


These three packages should be installed first. Next plan 
source can be unpacked. All these operations should be executed in the 
directory that you would like the source to be unpacked. 

If you are not interested in acquiring the source code, you 
can get the classfiles and install them. For classfile installation you 
need the pizza distribution, but you do not need to install JavacCc. 
Both source installation and classfile installation are explained in 
Appendix C in detail. 

Plan is implemented in Java, API 1.1, and is composed of a 
number of packages with names in the form of PLAN.*. Basic knowledge of 
compiling and running Java files is needed for running plan programs. 
The examples below are executed from the plan directory created in 
accordance with Appendix C. If you like to execute the code from some 
other directory, simply prepend the class names given to the Java 


command with plan. For example you would type in the command lines 


java PLAN.ARMain -? 
instead of 


java ARMain -? 


This is useful if you install plan in some other machine. 
You have to set your classpath in order to run plan. If plan is 


installed 


Pad 


home/nkaplan/planc/PLAN 
you would update your classpath to 


home/nkaplan/planc 


The 2 ply distribution contains anep, Prog. -and » olan 


directories shown in Figure 3.7. 


& C:\thesis\plan221 -|/e)x 
Fie Edt Yiew Help 








(4 object) (40K 
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Figure 327 Pllangpistribution. 


The anep directory has the ANEP distribution. Recall that 
ANEP (Active Network Encapsulation Protocol) specifies a mechanism for 
encapsulating Active Network frames for transmission over different 
media types. The contents of the anep directory are shown in Figure 
So. 

The log directory has the log file. This file records the 
output when the plan programs are run so this is very useful for 
tracing the programs. The log file is shown in Appendix D. 

The plan directory contents are shown in Figure 3.9. There 


are the Anon, basis, docs, fixedroute, install, interp-tests, 
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C:\thesis\pian221\ANEP BOE 
File fat View Help 
drTLvV java 
3JANEPacketjava 
SJANEPd eva 
aJANode jeve 
SI ANONAgGress java 
aj ANONLeafPacketjeve 
S}ANONLe efPecketException eve 
3] BedANEPversionExcepton jeva 
3] OispatchPay java 
3] DispetchPanrListyave 
St} Handlerjeva 
3] Makefile 
3} Mershalling jeva 
3)MD5 java 
3] PewNotFoundExcepton.jeva 
3) SchemeAddr java 
3] SchemeAddriPv4 java 
3) SchemeAddnPv4Portyava 
AJTLV java 
3] TLVustjava 
3] TLVNotF oundExcepton java 
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Figure 3.9 Plan Contents. 


interpreter, Net port, resteene, BOUL -tests,  s'so ene surcil directories 
and the other important files. One file that should be noted is 
theARMain.pizza file. This file contains the ARMain class that serves 
as the entry point for the router. This file is shown in Appendix D. 

You can use the plan distribution in a number of ways. 
There are three ways you can 

- set up an Active Router 

- send a plan program to an Active Router 


- run a non-network plan interpreter 


b. Starting up PLAN aware Router 


A local machine is set up as an active router first. Active 
router in this content means that the router is ready for PLAN 
programs. ANETD is not necessarily used to install PLAN execution 
environment from some other place. The ARMain class is the entry point 
for the active router. When %java ARMain -? is typed, the usage of 


ARMain can be seen. 


Java ARMain [i] [-v|-d|-q] [-1 logfile] [-ip port] 
[[-m master] [-h hub] | [-rf routtab file]] 


An example is described below, which shows to start an 


Active Router in one machine. 


$java ARMain -v -ip 7081 


24-Nov-98 4:16:18 PM: ARMain: verbose mode on. 
24-Nov-98 4:16:18 PM: ActiveRouter.start: Active router 
up! 

24-Nov-98 4:16:18 PM: ActiveRouter: OUT to Ipv4UDP 
DM? O81) et tse COookle 

24-Nov-98 4:16:18 PM: ActiveRouter: OUT: succeeded 
24-Nov-98 4:16:18 PM: SLRPmaster:received a request to 
add: Ipv4¥pP =: (m_ 708) 

24-Nov-98 4:16:19 PM: ActiveRouter: OUT to Ipv4UDP 

(my, 706i) 
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24-Nov-98 4:16:18 PM: 
24-Nov-98 4:16:18 PM: 
(m, 7081):fstCookie 
24-Nov-98 4:16:18 PM: 
(m, 7081) :newRT 
24-Nov-98 4:16:18 PM: 


ActiveRouter: OUT succeeded 
ActiveRouter: IN from Ipv4UDP 
ActiveRouter: IN from Ipv4UDP 


SLRP: received new route table. 


Now we can Start another active router by opening another 


terminal window and typing: 


$java ARMain -ip 7082 


24-Nov-98 4:17:11 PM: 
24-Nov-98 4:17:12 PM: 
HOUGCE Upt 

24-Nov-98 4:17:12 PM: 
ti 0S 1) addme 
24-Nov-98 4:17:12 PM: 
24-Nov-98 4:17:12 PM: 
(m, 7081) :fstCookie 
24-Nov-98 4:17:12 PM: 
7081) :newRT 

2217 ieee: 


Gail 


24-Nov-98 


A plan program is a 


function definitions exception 


There is just one function in the 


fun Gore. 3) wand 


(thisHost 


Gapqubalic 





-m melon.cs.nps.navy.mil:7082 -v 
ARMain: verbose mode on. 


ActiveRouter.start: Active 


ActiveRouter: OUT to Ipv4UDP 
ActiveRouter: OUT: succeeded 
ActiveRouter: IN from Ipv4UDP 
ActiveRouter: IN from Ipv4UDP 
SLRP: received new route table. 


List “of definitions, which couldebe 


declarations or variable bindings. 


Hello World program in Figure 3.10. 


print (“says Hello World! \n”) ) 


Figure 3.10 Hello World Program. 


tO 
ts 


We should learn how to use PLANStart tool before we run the 
Hello World program. The PLANStart tool provides us to inject the plan 
programs into the network directly from the command line. Typing java 


PLANStart gives us the usage of the PLANStart tool. 


Yojyava PLANStart 


java PLANStart [-v] [-p port]}<code><RB><router Ipv4 2address> 


>: produces a verbose output. 


: allows you to specify the outgoing TCP port. 


-code : is the name of the file that contains the plan 


program. 


specifies the initial amount of resource to hand the 
packet going into the network. 
- router Ipv4 2adress : specifies the host that is to be the 


entry point into the network. 





Table 3.1 Arguments of the PLANStart. 


We can now run the Hello World program. Suppose we have 
written the program in a file called HelloWorld.plan. We can start the 


program by typing, 


java PLANStart HelloWorld.plan 10 melon.cs.nps.navy.mil 


Now the program waits for us to give the next input. The 
next input is the initial invocation. Plan is a list of definitions so 
when the program arrives at an active host, we must specify which 
function to start executing and with what arguments. In the Helloworld 
program there is only one function and it takes no argument, so we 
EyoOe: 

doit ( ) 
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Then the response comes 


IPv4 : melon.cs.nps.navy.mi/131.120.1.244 : HelloWorid! 


We can now run more useful programs. The second example is 
a simple ping program, which uses the active network. The ping program 
tries to reach a remote host. When it reaches the host, it tries again 
to reach the original host. And finally it prints “Success” when it 


returns to the original host. The ping program is shown in Figure 3.11. 


EunmpIng ( source ; Host, destination |; hese, outgoing = bec! - .unrTe.— 


if outgoing and (thisHost ( ) = destination) then 
OnRemote ( ping (destination, source, false), 


source, getRB ( ), defaultRoute) 


If not outgoing and (thisHost ( ) = destination ) then 
Prints Success. =|) 
else OnRemote (ping (source, destination, outgoing), 


destination, getRB ( ), defaultRoute) 





Figure 3.11 Ping Program. 


We can use the same active network that we set up for the 
HelloWorld program. Suppose we want to ping melon.cs.nps.navy.mil:7082 
from melon.cs.nps.navy.mil:7081. The ping program can be saved as the 


Ping.plan. To run this program, we would type: 


Jjava PLANStart ping.plan 60 melon.cs.nps.navy.mil:708 1] 


The initial invocation would be 


ping(getHostB yName(“melon.cs.nps.navy.mil:7081”’), 
getHostByName (“‘melon.cs.nps.navy.mil:7082), 


true) 


The initial invocation here is different from the one used 
for the HelloWorld program. The invocation starts with ping stating 
that it is the function call. The first two arguments in the invocation 
are the function calls, which are evaluated locally before being sent. 

Let us look at the details of the plan program how it 
works. Plan programs are injected by a host into the active network. 


The Situation is illustrated in Figure 3.12. 


| Host | 


application 





PLAN 


interpreter 






Implicit 
part 






Router 






PLAN 


interpreter 





PLAN PLAN 


interpreter interpreter 


Router Router 





Figure 3.12 Plan Network Environment. 
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The host application opens a connection to the local plan 
interpreter. The application sends the plan packet via this connection. 
The plan packet contains the plan code to be executed. In our first 
example it is the HelloWorld program, which will be placed in the 
packet. The connection created also serves to pass the output from the 
plan program back to the host. When a plan packet is injected into the 
active network, it is recognized by its port number by the other 
routers. By this way the output can be sent to the same port of that 


plan program. 


3. Smart Packets 


Smart packets is a DARPA-funded Active Networks project. They are 
written in a tightly encoded, safe language specifically designed to 
support Active Networks. Smart Packets improve the management of large 


complex networks by [Ref: 6] 


- moving management decision points closer to the node being 
managed 

- targeting specific aspects of the node for information rather 
than scatter-shot collection 

- abstracting the management concepts to language constructs, 


allowing nimble network control. 


The programs can be injected into the network with smart packets. 
The programs are capable of performing computations and manipulations 
on behalf of the user. These programs increase user and application 
control over the network. 

Smart packet format is shown in Figure 3.13. Basically smart 
packet header has four fields: version number, type, context and 
sequence number. A common smart packet header is encapsulated within 
ANEP, which will be explained in the next chapter. ANEP Daemon is the 
injection and reception point for smart packets. It also contains the 
virtual machine for executing the programs received. The daemon injects 
the smart packet into the network. The smart packet can be sent to 


either an end host or to each router in a hop-by-hop manner. 


JN) 


az Programming Languages used in Smart Packets 


There are two programming languages used in smart packets. 
They are Sprocket and Spanner. Sprocket is a high level language like 
C. It is based on C’s grammar and keywords. C++ style comments can also 
be used in the sprocket code. Primitive types like int, short and char, 
which are used in C, are replaced with types that show the type size 


and sign. There are also built-in array, string and list types. An 


Ip IP HEADER 


ROUTER ALERT 


HEADER 





maGs | _1PE 
HEADER PACKET 
eS SOURCE 


HEADER DESTINATION 
INTEGRITY CHECKSUM 
TYPE | CONTEXT | SEQUENCE NUMBER 






SMART 
PACKET 
SODE)JAV2 
HOLDS AVALUE IDENTIFYING THE 
ORIGINATOR OF THE SMART PACKET 
LANGUAGE UPDATES PROGRAM,DATA 
PACKET FORMAT CHANGE ERROR, MESSAGE PACKET 


Figure 3.13 Smart Packet Format. 
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example Sprocket program is shown in Figure 3.14. This program gets the 
number of interface devices, the addresses associated with those 
devices and the Maximum Transmission Units for those devices. This 
information then placed into a packet and sent back to the originating 


host. 


Mean (ort 
Array of address addr; 
Packet pkt; 
unsigned8 num_interfaces = num_ifaces ( ); 
pkt.data_append ( num _interfaces) ; 
unsigned8 index; 
for (index = 1; index <= num_interfaces; i++) { 
addr.set_size_of_dimensions (num_adresses (index) ) ; 


get_addresses (addr) ; 

pkt.data_append (index) ; 
pkt.data_append(addr) ; 
pkt.data_append(get_iface_mtu (index) ); 


} 
pkt.send( ); 





Figure 3.14 Example Sprocket Program. 


Spanner is similar to assembly language. Spanner is 
designed especially to yield very small-encoded programs. There are 
differences in Spanner from assembly language. One difference is that 
there are declared variables in Spanner. Another difference is that 
Spanner has no access to memory for this reason the storage is done 
either on the stack or in variables. There are also branch operations 
in Spanner. A simple Spanner example is shown in Figure 3.15. This is 


equivalent to the Sprocket program shown in Figure 3.14. 


b. Installation of Smart Packets 


The last version of smart packets, which is 1.0.1, can be 


obtained at http://www.net-tech.bbn.com/smtpkts/smtpkts-index.html. The 


S| 


fale ospkt-1.0.1.tarteqz shouldiebe -anstalledwitiomainstali® “ab yeeeirst 


Bhay@rekell< slimy, 


by typing 


gunzip spkt-1.0.1.tart.gz 
tar spkt-1.0.1.tart 


The complete distribution includes Freebsd-2.2.6, anepd, 


bardemo, data, doc, injector, libsrce, scripts, spanner, sprocket, tools 


and vm directories. The installation instructions of smart packets are 


Mi Appenais 


decl-addr-arr-np %taddresses; 
decl-pkt %pkt; 
niface; 

papp @ &; 

decl-u8 %index #1; 
lt & &; 

bret  Sdene; 

papp *%pkt &; 

naddr &; 

sdim taddresses @; 
gaddr & &; 

papp %pkt @; 

Tle Wie 

papp %pkt G4; 
ainc-np_ &; 

bru Silieop- 


:send $pkt; 


COnk- 





Figure 3.15 Example Spanner Program. 


52 


IV. IMPLEMENTATION 


The detail of our implementation of a lightweight active router 
iS presented in this chapter. There are four major steps to build the 
router and connect it to the ABONE: (1) choose the hardware, (2) select 
and install the operating system, (3) install ANETD, and (4) connect to 
the ABONE. The first 3 steps have been explained in the previous 
chapter. Step 4 is explained in this chapter. There are basically three 
phases in step 4. They are user registration, download and installation 
of ANETD, and node registration. These phases are explained in section 
A. Then in Section B two examples will be given to illustrate how to 
download an EE to the router and how to build a small active networking 


EeStbed within the ABONE. 


A. CONNECTING TO ACTIVE NETWORK BACKBONE (ABONE) 


1. Register as a user 


The ABONE iS an experimental network consisting of active routers 
built by different institutions. New ideas related to Active Networking 
can be tested on this network. So being a part of the ABONE is very 
helpful when researching Active Networking techniques. The ABONE is 
open to everyone who is interested in Active Networking. The main Web 
site about ABONE is located at http://www.csl.sri.com/ancors/abone/. 

A user must register to be part of the ABONE. Specifically, he or 
she must supply information described in Table 4.1. The information 
entered is made available to the other nodes connected to the ABONE. 
Registered users can be seen in Appendix F. One of the important items 
that you enter is a public key. You can get the key generation program 
at the same site http://www.csl.sri.com/ancors/abone/. There are three 
key generation programs written for FreeBSD on X86, Linux on X86 and 
Solaris on Sparc. You can get the appropriate one for your machine. 


After getting your public key you can register as a user to the abone. 


There are some rules that abone users should obey. 


- Hosts should have a decent connectinenm to the Internet, 


- Hosts should not periodically shut down or loose 


DD 


Connectivity. 
- Hosts should be reachable through non-standard UDP 


POLES: 


The last bullet above 1S important. Because there may be a 


firewall in your organization and you must open some ports publicly to 


User Registry Information 


Name: 
(Name of the administrator) 


Password: 
(Needed to be able to modify the user information later) 


Reenter password: 


IP Address (aa.bb.cc.dd): 
(Only this machine would be authorized to administer the 
ABONE nodes) 


Public Key: 
(Public Key of the administrator) 


Organization: 


Address of Organization: 


Phone Number: 


Email: 


Purpose of registering with ABone: 





Table 4.1 Registering Table. 
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the ABONE. For example, I requested the security officer to open some 
ports as UDP to the pubizte for our computer melon.cs.nps.navyemil. It 
is advised for you to get all the port numbers before trying to open 


them in your organization. 


2. Invoke ANETD 


The ANETD can be invoked after user registration is completed. 


The following command line should be used: 


ad.linux —p 3323 —u 8010 —-s 


Once started, ANETD interacts with the main server, which is 
sequoia.csl.sri.com. It installs two important files in the directory 
where ANETD was started. The first file is shown in Table 4.2. This 
file includes pointers to the code servers in the ABONE. The code 
servers are sequoia.csl.sri.com and bro.isi.edu. The second file is 
shown in Table 4.3. This file basically inciudes the IP addresses of 


all the nodes in the ABONE and their public keys. 


TPAddress: sequoia.csl.sri.com 

Port: 7000 

Organization: SRI International 

Organization_Address: 333 Ravenswood Ave. Menlo Park, CA 
95024 

Name: Livio Ricciulli 

Phone _Number: 650-8592969 

Emad. :. bivioeesiysri. com 


TPAddress: bro.isi.edu 


Pore. ou 

OnGanuzations. USC/ 2s. 

Organization_Address: 4676 Admiralty Way, Marina cel Rey, 
CA 90292 

Name: Jeff Kann 

Phone Number: 310-822-1511 

Email: kann@isi.ed 





Table 4.2 Code Servers in the Abone. 


d00.csl.sri.com 
udoNOw7BOK65hhwpwgpOzp/Pj//aYUT£Eo2N4s8bwW2kjs3rVtbfohk0UJA6cvcbLXZO 
£GJybj gnalj6G2NPtvQEAAQ== 

capri.sri.brainstorm.net 

umVy3uv1lLpaSx7W8 3haqRoNVrEH/cNatGaa7 B4YgOYR1L4K9qPzrBpdoVk7rKVTDyxX+0 
pUc2 B6aNepLsyD/ FIJWOEAAQ== 

zaria.csl.sri.com 
r8K+gZ4ZRo5usA6751RD5Kh7HNwWGAul1lOHVuxGE5v5epOFcWOEgKLcTSBa7f jDWKW6EU 
570NG6F6e451rUln20QEAAQ== 

130.107.16.135 

xc5Z6TVuR26Y7HtiAQO3 Y7hxXjzZwss6g+z2KignNBriDa2 YWo3KFVFSgUwfksU1PH271 
DLeU7 ioqV5wmNh fwd 8QEAAQ== 

138.100.100.152 
XCNYrTQbIK30P1/k9o0vUeWhfoNatzT5t7g0lhnDgul+VC9EFOGUHDWUtym3LgYCZudPlg 
NrRtxTGMwSoHyuJ zJ 8wwEAAQ== 

128.9.160.165 

SPEYLJLWL+Ov£t6+JEPbi7t£SnX3 PECI68PqAKwiWrGWfqK1 8USZHRD1IN4G194f£Ua5/ 
tXH11W2HM7 Pv93 ZEORWEAAQ== 

128.9.160.194 

zOYprxgdanYj qkehgKqAh6RgEOOM1L5PJjp/EDCq/kBz13F+B51LhXmpfoox4SKukyBNP 
6sv4PdPiLgqIEy4x PkKLQEAAQ== 

207 .3 e2a07 162 
pOP540iR+Wvi/ikQOzcAfxy2kazJWwYFdGAOkUx96WDmS3trnaPMlrn8GkYBDwSR8DxX8Yh 
JANMTDzVzbG/gGUxurQEAAQ== 

155.99 202-2119 
yYsmUPZAyvTZOC8EygGpv5j0qvwth644B3bG+zhOxnDYuxk2dT2kOnZauqyNVJjeupOF 
aGeY1l5IeUnNi/C1zpSQEAAQ== 

129.55.10.190 

+KHX£CL/Odj IcbNoOVh3mUY 8vD1XxXpO3 kronjwwkUZu/vJIh1N+v03Unpn/mYcO08 sMU 
E417d1MGakWdZrS1LeQEAAQ== 

199.171.39.3 

SATIUZwLCD3WtRK1£1LkKUZsSsrTvicw99oKPFmv9+CkDhcAZUj PAK+UIxiHgOCe9/2moY 
O5f0AnSGkxXeFn112zCQEAAQ== 

166.104.36.173 

4jhjie 

166.104.45.177 

m/aOb8BxyxbiknsOAj EMKHX10dhWr4c39FDDrzxXDyiOL7wqpZ1ixXDKZNEUC£LViMvvBmO 
0OOOCLDcrRv4g1dXRnEwEAAQ== 

166.104.45.194 
rZLD5aZb+8iyy7iGtROVrugl13di0n421PO0qMwuTeQ09t05MsulQOzk17c58MKWHRyKFz 
eJOyCCd6kOuVSXeboQwEAAQ== 

128.174.240.14 

mMOCNAy8b6 2UAAAEEAMbYY 9kAYOHAFb9cb1LO7QOIACmMFdvcy3WjNZNc/mRrk9Qcp0v 
1582130 .12.i56 
1U0URhH6BazDPNk2A6wMJ7 83 IPE7r1GAyx0ARW3 PKKo4rJy5Z3ppMg4rC /Um6YN9qw9t 
m7J PLQo9YLGMEYwM+QawEAAQ== 

131.120.1.244 
t2paU7twzikg3cklFxyYpe6xDLqd4mdTiDp7cp1jGGnGH1Isc+w3miVKE8 8rfpa39DIm 
elELTDHWF fIxVg0BOrQEAAQ== 


Table 4.3 Hosts allow File. 
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The machine is now connected to the ABONE with the invocation of 
ANETD. When ANETD is invoked with the command ad.linux -p 3323 -u 8010 
-S, -S option makes ANETD to send a small UDP packet every 30 seconds 
to the main ANETD server. This is good because the server can now make 


some measurements about the nodes with UDP packets. 


3. Registering the node 


The next step is to register the node to be a part of the ABONE. 
The node registration table is shown in Table 4.4. A list of all nodes 
registered for the ABONE is maintained at [Ref: 7]. You can also 
register your node as a code server of the abone. The code server 


registry entry can be found at [Ref: 8]. 


Node Registry Information 


IP Address (aa.bb.cc.dd): 
(This machine would run the ancors daemon and participate 
in ABONE activities) 


Listening port number: 

Please uSe port 3322 as default. If you want to run 
multiple virtual networks on the same host, repeat this 
registration process changing port number each time. 


Organization: 


Address of Organization: 


Name (pO1Int OF Contacte). 


Phone Number (for the point of contact): 


Email (of the point of contact): 





Table 4.4 Node Registry Table. 


Our node melon.cs.nps.navy.mil is part of the abone at the 
moment. Active Networking experiments can be tested in this network 
now. The examples about active networking will be shown in the next 
chapter. The text output of the current abone status is shown in Figure 


4.1. Melon.cs.nps.navy.mil is listed as the eighth node in the figure. 
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Abone connectivity status for Sat Jan 9 09:29:16 PST 1999 


1=1289273. 92077 
2=bro.1isi.edu 
3=clitus.cs.uiuc.edu 
4=dsg.11l.mit.edu 
S=active.netsec.tis.com 
6=view. cs.columbia.edu 
7=d01.csl.sri.com 
8=melon.cs.nps.navy.mil 
9=switchware.bellcore.com 


Legend: Delay (ms) /Throughput (KBit/s) /Loss (%) 
ab 2 3 

129:. 224.92. 772 116/29145,20/0.00 0400/7 0400/ 100.00 32.90/1218.49/0.00 
bro.isi.edu 81.93/648.15/0.00 2.c57e0sau. 3070. 00 63.51 7000, 147000 
clitus.cs.uiuc.edu Zoeliy sll. bo/ 0. UD 0. 00/0-200/ 100.06 22317 20393.96/0.00 
dsg.ll.mit.edu 27.92/1032.94/0.00 0.00/0.00/100.00 |9255/es0. 99/5. 00 
active. netsec.tis.com 26.027 469. 2170. 00 0.00/0.00/100.00 65.50/383.43/0.00 
view.cs.columbia.edu 0.00/0.00/100.00 O. 00/0. 007 100-00 GO. 60/70. 00/7 100. 00 

a0l csi. sri.com 77.76/368.90/0.00 0.00/0.00/100.00 70.44/384.96/0.00 
melon.cs.nps.navy.mil PUG=L5/ 0). 0/7 0-00 0.0070.007 7100.00 118. 04/0.0070.00 
switchware.bellcore.com 18.50/0.00/0.00 0.00/0.00/100.700 73246170 .0070.00 5S8.66/0.00/02 
‘ - 
—- a faaastoae. a a ae a rrr See re. Ko 


Figure 4.1 Abone Status. 


Information about the nodes can also be viewed graphically. The 
transfer latency information is shown in Figure 4.2. The packet loss 
rate information is shown in Figure 4.3. You can see the current 
Situation of the nodes at anytime at this web site 


[http://sequoia.csl.sri.com:7000/java/abonestat.html1]. 
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Figure 4.3 Packet Loss Status of Abone. 


B. EXAMPLES 


These examples show how to install an execution environment from 
the main server to different hosts. This main server is the main ANETD 
code server, which is sequoia.csl.sri.com. There are two examples in 
this section. First one shows how to install ANTS execution environment 
and the second one shows the PLAN execution environment. These 
execution environments are installed to hosts by using ANETD, so ANETD 
commands and files will be used in the example. . 

The situation is shown in Figure 4.4. Melon.cs.nps.navy.mil is 
part of the ABONE; we showed how to become part of the ABONE in the 
previous sections. Our node now can install an execution environment 


and send a program, which is written for that execution environment. 








sequola.csl.sri.com 





melon.cs.nps.navy.mil avines / sri. com 


Figure 4.4 Installing execution environments from the code 


Solve. 
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1. ANTS Example 


This example shows installing a small ANTS active network. There 
should be ANETD running in the hosts to run this example. So if the 
hosts that you are going to make experiments do not have ANETD, you 
should install ANETD. The hosts used in this example are part of the 
ABONE, so all of them have ANETD running. We do not have to worry 
installing ANETD. 

Our node melon.cs.nps.navy.mil is going to install ANTS and run 
an ANTS program in the active network in this example. The situation 
can be illustrated in Figure 4.4. We are going to use the files in 
ANETD distribution. First we have to change the data.config file in 
ANETD distribution, which is configured for three ports in one machine. 
This file is shown in Figure 4.5. The hosts are shown underlined in the 


file. 


three nodes (source, router, destination) 
duplex connected by udp 

all running on the same machine 

source pinging destination 


node 18.31.12.1 -routes data.routes -updateRoutes true 
channel 18.31.12.1 melon.cs.nps.navy.mi1:3322 -log 0 
application 18.31.12.1 apps.DataServerApplication -target 
Ge Sie? .3 


node 18.31.12.2 -routes data.routes -updateRoutes true 
channel 18.31.12.2 sequoia.csl.sri.com:3322 -log 0 


node 18.31.12.3 -routes data.routes -updateRoutes true 
application 18.31.12.3 apps.DataClientApplication 
enannel 916 .3.1.12,3-d0s.Csl voritcon joc 


Gonnecte 16231712 113.512 
Gonnect 13.31, 1222 el seoi 2 2s 





Figure 4.5 Data.config File. 


4] 


We can set the environment variable display to the X11 display 
being used. This is for output purposes. If this variable is set, then 


the output can be seen on screen while it is being executed. To do this 


type; 


export DISPLA Y="melon.cs.nps.navy.mil:0.0” 


We can now type the command “make” in the top directory that you 
are running this example. This creates a couple of scripts and a static 
routing table. The routing table is fed to the active network. The 


routing table is shown in Figure 4.6. 


# shortest routes, automatically generated 


# source destination next addr 


de Sres ee eee lc ae lla eee eee see é sequoia.csl.sri.com:3322 
cS 31.12% ays ahaa Oo eal 18.31 2123 sequoia.csl.sri.com: 3322 


Seo bh? 2 ee Slee ee 187.31. 1 melon.cs.nps.navy.mil:3322 
isi Sl ae ei S i) ed Ed 18.31.42 Bot csi. sri .com- 3322 

eS Sle. 1S23 teas 1631 eee sequoia.csl.sri.com: 3322 
dic ays ol ely ie oa 18.3128 sequoia.csl.sri.com:3322 





Figure 4.6 Data.routes File. 


We are now ready to start our small ANTS network. Data.start file 
can be used to test the active network. This file is a script file 
generated with the make command. You can find the makeroutes file, 
which is invoked with make command in [Ref:9]. Data.start file is shown 
in Figure 4.7. 

When we start our active network, the routing table and the 
configuration file are sent to hosts where they are stored. Then the 
necessary Java code from the code server is downloaded to the hosts and 
the active network starts to run. 

The file data.stop stops the existing active network and gives 


back all the resources. It is shown in Figure 4.8. The active network 
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should be stopped after we are done. Because other nodes sharing the 
ABONE also need the resources. It is strongly advised to stop the 


network at the end. 


Java ants.ConfigurationManager ping.config 18.31.12.3 >& 
Toros oe LOdse 
java ants.ConfigurationManager ping.config 18.31.12.2 >& 


Pee olal2. 2. Logue 
java ants.ConfigurationManager ping.config 18.31.12.1 
Kaye SoS Se ees 
rae $2 2Se Sie 2.2 





Figure 447 Data .start- 


kill_node melon.cs.nps.navy.mil 3322 
kill_node sequoia.csl.sri.com 3522 


kill._node d01.csl.sri.com Be22 





Figure 4.8 Data.stop. 


A log file is also recorded, while the active network is running. 
The log file is shown in Appendix G. The first lines show the query 
statements, which start the active network. And the last lines show the 


kill statements, which stop the active network. 


2. PLAN Example 


This example shows how to install a small PLAN active network. 
This example is very similar to the ANTS example. The same hosts will 
be used that are used in the ANTS example. The concept is the same. 
Melon.cs.nps.navy.mil will install PLAN execution environment to the 
hosts. 

ANETD is used also for this example. So the file hostfile, which 


is found in ANETD distribution, is configured for our example active 


network. Hostfile is shown in Figure 4.9. Melon.cs.nps.navy.mil is the 


hostO as it 1s seen. 


sO Oy eae 2 5 host2 sequoia.csl.sri.com 
1306207 519.101 nose hedtiteesl sri. com 


3 lez 0212 244) hOsetuenelon~cs.nps navy -mid. 





Figure 4.9 Hostfile. 


The variable DISPLAY can be set to see the output of the active 
network. It is set the same way as the ANTS is set. Type the command 


below to set the DISPLAY environment in a bash shell. 


export DISPLAY="melon.cs.nps.navy.mil:0.0” 


The hostfile and the environment variable are ready. Now type 
setup in the directory where your hostfile file is stored. The setup 
file can be found in [Ref 10]. Setup creates the “start_network” script 
based on the information in the hostfile. 

When start_example script is run, the configuration files are 
sent to all the active nodes. The PLAN execution environment is then 
downloaded to the nodes and executes to start the PLANet daemons. 

Now the start_example script can be run. This script sends a PLAN 
traceroute program, which is written in PLAN. Start_example file can 
also be found in [Ref 11]. The active network can be stopped with the 


stop_network script. 


V. VERIFICATION 


We have verified the functionality of the prototype active router 
with respect to SAAM requirements. In particular, we have examined its 
support for server probing. The detail is presented in this chapter. 

Any program can be sent to an active router if the execution 
environment for that program has been installed and activated on that 
router. As shown in the previous chapter, an execution environment can 
be deployed to the prototype router using ANETD. Two execution 
environments, which were deployed in the examples, were PLAN and ANTS. 
Now any program written in PLAN or ANTS can be sent to those routers. 

Three programs will be presented in this chapter. The programs 
are written for the PLAN execution environment. All three programs are 
server-probing examples. The objective of the programs is to traverse 
the selected routers and record the arrival time to each router. Such 
functionality is required by SAAM. A SAAM server will need to send 
probes similar to these programs that travel along a specific path and 
record the arrival times and other statistics at each router. 

The programs were evaluated on a PLAN active network consisting 
of three routers. For simplicity, we simulated the network on the same 
machine, melon.cs.nps.navy.mil. The PLAN execution environment was 
activated on three ports, 3324, 3325 and 3326, each of which emulates a 
PLAN aware router. 

The test configuration is shown in Figure 5.1. The deployment of 
the PLAN execution environment to the nodes is shown with the 
continuous lines. The dotted lines show the PLAN programs sent by the 
server to the nodes. Each of the programs traverses the nodes and 
collects information for the server. 

First, the command below was typed to start the PLAN active 


router on the default active port 3324. 

java PLAN.ARMain —v 

The other active routers are started with the commands below. The 
main active router is also declared, which is using the port 3324. The 


detailed messages generated for establishing the PLAN active network 


are shown in Appendix H. 
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java PLAN.ARMain —v -ip 3325 —m melon.cs.nps.navy.mil:3324 
java PLAN.ARMain —v —ip 3326 —m melon.cs.nps.navy.mil:3324 


Server 







» 





eo. 
° 
o 
%e 
° 


POrt:35524 Port :3326 


Perters3 25 
Figure 5.1 Active Network Example 


A. PROGRAM TRACEROUTE_TIMESTAMP 


The program traceroute_timestamp is shown in Figure 5.2. PLAN is 
a functional language as it is seen in the program and all the PLAN 
programs are stored with the plan extension like the java extension in 
java programs. 

There are two functions in the program. The functions are ack and 
collect. Collect is the main function. This function is called to 
invoke the program. The program can be injected into the network with 


the command below; 


java PLAN.PLANStart —v traceroute_timestamp.plan 60 


melon.cs.nps.navy.mil:3324 
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(* Acknowledgement for each hop *) 


fun ack(count:int,where:host, record_time:int*int) : unit = 


(* prints the name and the ip address of the nodes , then 
the entering time to that node *) 
( 


Print ( Sanco Dirtm@e( where) Orit (tee ee pernt (Count); 
DEInNG(' “trap eime 1905) orint (recerastimee print ("\n") 


(* this is the main function of the program *) 


fun collect (source:host,destination:host,count:int) :unit = 


( 


let val record_time: int * int = getTime() in 


(* First send response back to source that we got this 
baiet) 


OnRemote( ack(count,thisHost(),record_time), source, 
count, defaultRoute ) 
end; 


(* Then continue on our way *) 


if (thisHost () <> destination) 


then 
let val next:host = defaultRoute (destination) in 


OnNeighbor(collect( source, destination, count+l ) 
,next, getRB () ) 
end 


(* We've reached the destination, so we're done *) 


else () 
) 





Figure 5.2 TRACEROUTE_TIMESTAMP. PLAN. 


This command injects the traceroute_timestamp.plan program into 
the existing PLAN active network from the designated port. When the 
program comes to the first node it is executed. The command line below 


is typed to invoke this program after injecting it into the network. 
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collect (getHostB yName(“melon.cs.nps.navy.mil:3324”), 


getHostB yName(“melon.cs.nps.navy.mil:3326”), 1) 


ht a mA see 
y < a 7 
ixtenni. 


Using port 3324 

Me Getting Initial Resource ... 
Getting Address of Active Router ... 
Checking for parse errors in source code ... 
Binding Top Environ ... 
Parsing the initial invocation ... 


Croot@melon rout_tests]# java PLAN.PLANStart -v traceroute_timestamp.plan 60 mel 
on.cs.nps.navy.mil 35524 
Using port 3524 ' 
Getting Initial Resource ... 
Getting Address of Active Router ... . 
Checking for parse errors in source code ... 
‘Binding Top Environ ... 
Parsing the initial invocation ... 
|collect (getHostByName< "melon.cs.nps.navy.mil 35324"), getHostByName<"melon.cs.nps | 
| navy.mils3526"), 1) 
IPv4UDP : <melon.cs.nps.navy.mil/131.120,1.244, 3324) 21 
trip time is ¢ 917415870, 445 > 

ay IPv4UDP : <melon.cs.nps.navy.mil/151,120.1.244, 33525) : 2 

mi trip time is ¢ 917415870, 733 > 
LIPv4UDP 3 <melon.cs.nps.navy.mil/131.120.1.244, 3526) 3 3 - 
ar time is ¢ 917415870, 960 > 


i 
’ 





a 


Figure 5.3 The output of TRACEROUTE_TIMESTAMP. 


The invocation line and the output of the program are shown in 
Figure 5.3. The collect function takes three arguments. First argument 
is the source address. The source address is entered with the 
getHostByName service available in PLAN. This service takes a string 
according to the grammar below and converts it to a host. Host is a 


type in PLAN. 


name ::= host | host : port-num 
host ::= ip-addr | domain-name 
port-num 7 = ane literal 


string-literal 


| 


domain-name 


Where ip-addr has the form n.n.n.n where each n is an integer 
prom O-eco 255. LE the pGEee-num jargumene 1S @noOcr sprevidedy tCnecmwit 1s 
assumed to be the same port as the invoking node. The service 
getHostByName attempts to resolve this name into a value of the PLAN 


host type. 
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The second argument is another host name. It is invoked again 
with the getHostByName service. The third argument is an integer. The 
number 1 is entered and is assigned to integer variable count. This 
mateger can be chosen anbitnammis, it 1s chosen gMSt toegive mumbers to 
the nodes that the program visits. 

After the program is invoked with the initial arguments, The next 


line below is started to execute. 


let val record_time: int * int = getTime() in 


This line shows how to assign a variable. The getTime() service 
exists in PLAN core services. It returns a pair (2-tuple) consisting of 
the number of seconds and milliseconds since January 1, 1970, 00:00:00 
GMT. The word val shows that the record_time is a variable and its type 
is int * int. It means that record_time consists of two integers , the 
first integer shows the seconds of the time and the second integer 
shows the milliseconds of the time. The words let, in and end define 
the scope of the variable. 

Next we explain two network primitive operations in PLAN. They 
are OnRemote and OnNeighbor. In some sense , the network primitives are 
the most interesting aspect of PLAN, as they enable mobile computation 
via generating and sending new active packets. These network primitives 
make the PLAN execution environment superior to other execution 
environments. 


OnRemote is the basic netwrok primitive. Its syntax is: 


OnRemote (E, H, Rb, Routing) 


The meaning of this primitive is: evaluate E on host H. 
Furthermore, use the Routing function to determine how to get to H. E 
must be a function call. H is an expression of type host. Rb is an 
integer indicating how much of the parent’s global resource bound 
should be transferred to the child packet. Routing should be a function 
or service. Routing (h) should return some host h’, which is a neighbor 
of the current node. H’ is supposed to be the next hop on a route to h 


in the routing scheme represented by Routing. 
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On success, the call to OnRemote will create a PLAN packet, which 
1s sent to next hop. In the event of an error, one of the two 
exceptions can be raised. They are NotEnoughRB and HostNotLocal. 

The second network primitive OnNeighbor is similar to OnRemote 
with the restriction that the child packet generated with this command 


must be executed on a neighbor of the current node. Its syntax is: 


OnNeighbor (E, H, Rb) 


The meaning of this primitive is: evaluate E on H. E must be a 
function call. H is an expression of type host and it must be a 
neighbor of the current node. Rb is an integer indicating how much of 
the parent’s resource bound should be transferred to the child packet. 
In the event of an error the same exceptions will be raised. 

The invocation line can be seen in Figure 5.3. After invoking the 
program with this line, record_time variable gets assigned the current 
time in the first node. Then the OnRemote line is executed. This line 


sends the Ack function to the source to be evaluated. 


OnRemote(ack (count, thisHost(), record_time), source, count, defaultRoute ) 


Ack function takes three arguments and prints the result. The 
first Ack message sent can be seen in Figure 5.4. Then it 1s compared 
whether thisHost 1S equal to destination. The current host is 3324 and 
destination is 3326 so it is not equal. Then statement 1S executed 
next. The inequality operator < > is evaluated to true. 

Next variable inside the then statement is assigned the next hop. 
OnNeighbor call 1s executed after that. OnNeighbor creates a new packet 
sends it to the next hop, it also calls the collect function with three 
arguments to be evaluated in the next hop. The collect function becomes 
a recursive call, when it is called. The flow of the program can be 
seen in Figure 5.4. The Acks show the OnRemote calls. The direct lines 
from 3324 to 3325 and from 3325 to 3226 show the OnNeighbor calls. The 
OnNeighbor iS executed till the if statement becomes false. When 


thisHost is equal to destination the line below is executed. 


OnNeighbor(collect(source, destination, count+1), next, getRB() ) 
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ack 


5324 


S325 


Injection 
3326 


Figure 5.4 The evaluation of Traceroute_timestamp.plan. 


B. PROGRAM TRACEROUTE_LIST 


This program is shown in Figure 5.5. There are two functions in 
this program. The collectroute is the main function. It takes five 
arguments. The first argument is the source address. The second 
argument is the destination address. The third argument is the path of 
nodes, which is entered as a list. The fourth argument is the empty 
list, this list will gather the seconds of the time when the program 
visits the node. The fifth argument is another empty list. This list 
will gather the milliseconds of the time when the program visits that 
node. 

The invocation line for the program can be seen in Figure 5.6 and 


Baegure 5.7 aft 1S: 


collectroute( getHostB yName(‘“melon.cs.nps.navy.mil:3324”), 
setHostB yName(“melon.cs.nps.navy.mi]:3326”), 
[getHostB yName(“melon.cs.nps.navy.mi]:3324”); 
getHostByName(‘“melon.cs.nps.navy.mil:3325”); 


getHostB yName(“melon.cs.nps.navy.mil:3326")]. 


(]. (J) 


ay 


(*Code to send the list back and print it upon completion*) 


fun »sack( secseamt lastjemeasecs-i1nt ieee Unie = 
( 
let val thirdsec:int = (hd secs) 

val secondsec:int = (hd (tl(secs)) ) 
val firstsec:int = (hd) (EP el (sees a.) 
val thiveniireeint = (hd milisecs) 
val secondmili:int = (hd (tl(milisecs)) ) 
val £iT'S Emilee a ie =S(hd (PE elim liscecsjy je.) in 


( 

print ("Timestamp at node 1 is "); 

print (firstsec) ;print(" seconds "); 

Dbrint (firstmi le eeprinte (" milasecondss”)- 

Drinet (un). prime’ Fimestamo at modes2 15. 1) 

DEI (Secondsee)}; pring (" Seconds sy 

print (secondmili); print(" miliseconds “"); 

print("\n"); print("Timestamp at node 3 is "); 

Draint (thirdsec) :print( "seconds 9 print (thirams!i): 
( 


Beint(* milveeconds: "je pride ine) 


end 


(* Workhorse *) 
fun collectroute (source:host,destination:host, ipaddress: 
host list, secs:“int listwmilisecs: int list)’. unit = 


let val this:host = (hd ipaddress) 
val time:int = (snd getTime()) 
val sec:int = (fst getTime()) nga 


eo ( thoes destinations) 
then 


( 
let val next:host =( hd (tl ipaddress)) in 


( 


OnNeighbor (collectroute (Source,destination, (tl 


ipaddress), sec::secs, time::milisecs), next, 
getRB ()) 
) 
end 
) 
else 
( 
OnRemote(ack(sec::secs, time::milisecs ), source, 
getRB(), defaultRoute) )) 


end 


Figure 5.5 TRACEROUTE_LIST. PLAN. 
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The port number 3324 is the source, 3326 is the destination node. 
The program will go Ehreugems 324-3525 and 332o58811s is the same path 
like the previous program. 

This program visits the nodes according to the input list. It 
records the visiting time into the lists. When the program is started, 
the variables this, time and sec are assigned in the first node. Then 
the 1£ statement checks whether it reaches the destination. If it does 
not reach the destination, the OnNeighbor call is executed on the next 
node. This means a new plan packet is sent to the next node calling the 


collectroute function recursively. 


+r mOeLeN TN eeepc ee ah CRS OR a es Se 
Croot@melon rout_tests]# java PLAN.PLANStart -v traceroute_ list.plen =) iG cs} 
-nps.navy.mil: 3524 
Using port 3324 
Getting Initial Resource ... 
Getting Address of Active Router ... 
Checking for parse errors in source code ... 
Binding Top Environ ... 
Parsing the initial invocation ... 
collectroute(getHostByName< "melon. cs.nps.navy.mil$3324"), getHostBuName("melon.c | | 
S.nps.navy.mil $3326"), [getHostBylame< "melon.cs.nps.navy.mi 123324") issse") 1° C1, 
("melon.cs.nps.navy.mil 23325" > sgetHost ByName( “melon.cs.nps.navy.mil?3526")I, (1, 
{]> 
Timestamp at node 1 is 917462479 seconds 610 miliseconds 
Timestamp at node 2 is 917462480 seconds 114 miliseconds 
Timestamp at node 3 is 917462480 seconds 559 miliseconds 


Croot@melon rout_tests]# java PLAN.PLANStart -v traceroute_list.plan 60 nelon.cs| 
eNps.navy.mil 23324 

Using port 3324 

Getting Initial Resource ... 

Getting Address of Active Router ... 

Checking for parse errors in source code ... 

Binding Top Environ ... 

Parsing the initial invocation ... 

collectroute(getHost ByName("melon.cs.nps.navy.mil 33324"), getHostByName< "melon. | 
s.nps.navy.mil:3326"), [getHostByName<"melon.cs.nps.navy.mi 133324")sgetHost ByNam § 
e("melon.cs.nps.navy.mil 33325" }sgetHostByName<(“melon.cs.nps navy.mil:3326")1,[), 
[]> 

Timestamp at node 1 is 917464270 seconds 927 miliseconds 

Timestamp at node 2 is 917464271 seconds 356 miliseconds 

ae at node 3 is 917464271 seconds 820 miliseconds 





el 


Figure 5.6 First.oucpurceon TRACEROUIESLIsl. 


When the program reaches the destination the if statement becomes 
false and the OnRemote call is executed. This line creates a new packet 
and sends it to the source to be evaluated. OnRemote invokes the ack 
function in the source with two lists. The ack function takes these two 


lists rand prints Enem: 


a 


I Cootdnelon /root]# cd / 
Croot@melon 7]# cd home/nkaplan/planc/PLAN/rout_tests 
a 


Croot@melon rout_tests]# java PLAN.PLANStart -v traceroute_listONE.plan 60 aah 
-cS.nps.navy.milss324 

[root@melon rout_tests]# java PLAN.PLANStart -v traceroute_list.plan 60 melon.cs# 
nps.navy.mil$3324_ 

Using port $3524 

Getting Initial Resource ... 

Getting Address of Active Router ... 

Checking for parse errors in source code ... 

Binding Top Environ ... 

Parsing the initial invocation ... 

collectroute<getHost ByNamet’ "melon -CS.NPS. navy.mil?5324"), getHostBuNameC"melon.c § 
S.nps.navy.mi 133326"), [getHostBulame<"melon.cs.nps. navy.mil:3324")sgetHostBuName & 
ae gl ocs.nps.navy.mi 135525") sgetHostByName("melon.cs.nps.navy.mil:3326")1,[1, cl 


Timestamp at node 1 is 9174153585 seconds 684 miliseconds | 
Timestamp at node 2 is 917415386 seconds 205 miliseconds 
ee at node 3 is 917415386 seconds 669 miliseconds 





aa el eR le a) 


Figure 5.7 Second output of TRACEROUTE_TIMESTAMP. 


Cc. PROGRAM TRACEROUTE_ROUNDTRIP 


This program is similar to traditional ping programs. There are 
three functions in this program. They are startcollect, collect and 
ack. The startcollect is the main function so it is invoked first. The 
startcollect function takes three arguments. They are the source 
address, destination address and an integer. This integer can be 
entered arbitrarily. It is just for node numbering. 

The main function can be invoked with below line. The invocation 


line can also be seen in Figure 5.8. 


startcollect ( getHostByName (“melon.cs.nps.navy.mil:3324”), 
getHostByName (“melon.cs.nps.navy.mil:3326”), 1) 


When the program is started , the variable start_time 1s assigned 
the current time in the first node. Then the if statement is checked if 
the program reached the destination. The program is still at the first 
node so the OnNeighbor is called. OnNeighbor sends e new packet to the 
next node with the collect function. The collect function has three 
arguments. The source address, destination address, count+l and the 
start_time variable. When the collect function is executed at the 
second node, the OnRemote sends a new packet to the source by invoking 


the ack function with the start_time variable. 
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The ack function takes three arguments. The third argument is the 
Start_time variable, which indicates the time when the program visits 
the first node. Inside the ack function the getTime () service is 
called again and the current time is assigned to the variable now. 

The fst and snd are two operators, which fst returns the first 
element of a tuple and snd returns the second element of a tuple. Sec 
is assigned the seconds of the the time and the diff is assigned to the 


milliseconds of the time. 


Let val now:int * int = getTime() 
val diff: int = (snd now) - (snd start_time) 
val sec : int = (fst now) - (fst start_time) in 


on.cs.nps.navy.mi1:3324 

Using port 3324 

Getting Initial Resource ... 

Getting Address of Active Router ... 
Checking for parse errors in source code ... 
Binding Top Environ ... 

Parsing the initial invocation ... 


Croot@melon rout_tests]# java PLAN.PLANStart -v traceroute_roundtrip.plan 60 mel 
on.cs.nps.navy.mi 123324 
Using port 3324 
Getting Initial Resource ... 
Getting Address of Active Router ... 
Checking for parse errors in source code ... 
Binding Top Environ ... 
Parsing the initial invocation ... 
startcol lect <getHostBuName< “melon.cs.nps.navy.mil:3324"), getHostByName<"melon.c 
S.nps.navy.mil 23326"), 1) 
Start_time is ¢ 917466867, 165 > 
2 IPv4UDP : <melon.cs.nps.navy.mil/131.120.1.244, 3325) 
Round trip time is 31 seconds 725 milliseconds 
my 6S) «UIPV4UDP : <melon.cs.nps.navy.mil/131,120.1.244, 3326) 
jaune trip time is :2 seconds 221 milliseconds 





Figure 5.8 Output of TRACEROUTE_ROUNDTRIP. 


The sec and diff show the passed time while the program travels 
from the first node to the second node and also the time passed from 
the second node to the third node. 

When the if statement in the collect function is equal to false, 
the program reaches the destination. The output of the program is shown 
in Figure 5.8. The line starting with number 2 shows the visited node 
after the first node and gives the time difference between the second 


node and the first node. The line starting with number 3 shows the 


=) 


third node and the time difference. The program traceroute_roundtrip is 


shown in Figure 5.9. 

These programs collect the time when they enter the router and 
bring them back. The SAAM server can interpret the delays between the 
routers from the results coming with these programs. Other programs can 
easily be written to probe the routers in different ways. As a result 


the active router can support server probing. 


(* Acknowledgement for each hop *) 
fun ack(count:int,where:host, start_time:int * int) 
unit = 


let val now:int * int = getTime() 
<7 ovlesGlas ttn cn anew ecmalmcitairt time) 
Volesece- sine y—=s(LSt mow) s=etesce Start time) in 


(* prints the name and the ip address of the nodes , 
then the entering time to that node *) 

( 

Cetera ne er ol ortmenGere); print("\n"); 

DEIne(sReunG trip time Bou, ") > oman (sec) ; 

Dine seconds. ) > DEIMEarre) ; 

Deine (” milliseconds 2); Drinti(7e.., ”) 


) 


end 


fun collect (sounce nese ese inate tem nest, count:int, 
Stareecime- int) * int) > unt = 
( (* start Of -EunceEion. 2) 


(* First send response back to source that we got this 
far 3) 
( 
OnRemote(ack(count,thisHost(),start_time), source, 
count, defaultRoute) ; 


(* Then continue on our way *) 
'e (thesHost (= destumation) 
then 
let val next:host = defaultRoute(destination) in 


OnNeighbor ( collect( source, destination, 
count+1,start_time), next, getRB () ) 
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(* We’ve reached the destination, so we’re done *) 
else () 
) 


yo * end of Lunetion =) 


(* this is the main function of the program *) 
fun startcollect (source: host, destination:-hoset, 
SOunt: ihe) ene — 


let val start_time: int * int = getTime() 
seat 


( 


print(" Start_time is "); print(start_time) ; 


josent gules oem le 
if (thisHost () <> destination) 
then 


let val next:host = defaultRoute (destination) 


in 


OnNeighbor ( collect( source, destination, 
count+i1,start_time), next, getRB 


end 
else () 
yend 





Figure 5.9 Qutpuc of TRACEROUTE ROUNDER IL. 
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VI. CONCLUSIONS 


SAAM deploys dedicated servers that perform decision-making tasks 
for the routers. This enables the deployment of lightweight routers in 
a SAAM environment. A lightweight router was designed and implemented 
in this thesis. 

The lightweight router was built using the Active Networking 
approach. A SAAM server can inject the customized programs (such as 
server probes) into the network made of this type of routers. ANETD was 
chosen as the Active Networking platform for the router. There are two 
reasons for this choice. First, the router must support ANETD for it to 
be a node in the ABONE. The ABONE facilities automated deployment of an 
execution environment to a set of selected nodes. An active networking 
testbed can be formed rapidly this way. Second, ANETD provides the 
router the capability of binding multiple execution environments (EEs) 
to a single port. ANETD will de-multiplex an active packet arriving at 
the port to the appropriate EE. This capability is useful when there is 
a need to compare probe programs written for different EEs. 

A DELL XPSR400 PC was used as the base platform on which the 
lightweight router was emulated. Linux was chosen as the node operating 
system for the lightweight router. All major execution environments for 
active networking, i.e., PLAN, ANTS and SMART PACKETS were evaluated in 
this thesis. Particularly PLAN was chosen for implementing the server 
probing programs. 

In summary, the work in this thesis has laid the groundwork for 
more in-depth SAAM server and router research by establishing an 
experimental router that is a part of a wide area testbed (ABONE). A 
set of server probing experiments was conducted using the router and 
testbed. The results show that it 1s straightforward for a SAAM server 
to collect performance information from lightweight routers that 
Support active networking. The successful completion of the 


experiments also demonstrates the usefulness of the testbed. 
A. LESSONS LEARNED 
The major lesson learned is that careful planning is required 


when installing multiple operating systems to a PC. The reason is that 


the hardware requirements for different operating systems could be 
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dramatically different. In particular, experimental operating systems 
like Linux and NetBSD often do not have the drivers for more recent 
hardware devices. For example, Linux and NetBSD do not support the 
3Com905 network card, that originally came with the DELL XPSR400 PC. 
Therefore, the optimum hardware configuration should be determined and 
acquired before attempting to install multiple operating systems. 

When NetBSD is required, it should be installed on a separate 
hard drive. This is because when NetBSD is installed to the first hard 
drive, NetBSD wipes out everything including System Commander files 


from the drive. 
Be EVALUATION OF ACTIVE NETWORKING APPROACH 


Active Networking is a new approach for computer networks. The 
main idea is to make the network programmable. As an important part of 
this thesis, different aspects of the active networking approach were 
studied. The main conclusion drawn from the experience is that Active 
Networking 1S a promising approach for developing SAAM and similar 
systems that require a central entity to exercise fine control over the 
routers. ANETD has all the necessary functionality to Support 
programmable networks. 

All the execution environments used in active networking approach 
are experimental at the moment. All were written in object-oriented 
languages such as JAVA. Our experience with PLAN showed that this 
execution environment is robust and easy to use. Compared with ANTS, 
PLAN programs have a smaller byte code size. It is straightforward to 
write a PLAN program with built-in services such as OnRemote or 
OnNeighbor. One problem with these execution environments is that there 


is not enough documentation for them available at the moment. 
em SUGGESTIONS FOR FUTURE WORK 


A lot of work remains to be done for SAAM server probing. Phas 
thesis has laid the groundwork for such effort by establishing an 
experimental router that is a part of a wide area testbed (ABONE). 

Our server probing programs simply collect the arrival time to 


each router. Assuming that all clocks are synchronized, A SAAM server 
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may use data gathered by these programs to deduce the total packet 
delay at a link. 

Two extensions for the probing programs should be considered. 
First, it will be worthwhile to develop probing programs that work 
without the (potentially expensive) assumption ‘one clock 
synchronization. Second, the SAAM server will need to keep track of 
more types of router performance information than just packet delays. 
In many cases, the server is required to know the packet loss rate and 
the delay jitter at a link. Therefore, it will be essential to develop 
a set of effective probing programs for each type of information. 

Performance is another issue that requires future research. The 
processing overhead incurred by a probing program at a router must be 
Minimized for two reasons. First, such overhead takes away precious CPU 
cycles that otherwise can be used for packet forwarding. Second, the 
extra delay because of probe processing could affect the accuracy of 
the timing data collected. It would be interesting to measure and 


compare the processing overheads of different EEs. 


6} 
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APPENDIX A. ANETD CONTROL COMMANDS 


LOAD 


The load command instructs anetd to download a number of files 
specified with URLs and start a network service. The load command has 
the format: 


LOAD [T=< anepid >] [J=< jurl > | X =< url > | A =< url >) [F=< 
Un ae | B=< Var eee. le [D=< dir =] [O=< file >] [R=< 
file >] 


~ T=< anepid > is the ANEP ID of the service being deployed. If 
this argument iS not present, the deployed service will be assigned 
type O and no packets will be demultiplexed to it by anetd. 


- J=< jurl > specifies a Java application. 
< jurl > is of the form http:servername.edu:port/classpath/~class 
where 


servername.edu:port specifies the server where the data is 

located following the normal URL conventions. 

classpath 1S a path pointing to the base classpath of the Java 
app 1catiton. 

class is the class to invoke. 


Both classpath and class can be a series of directories separated 


by eines FOr example, J=http://sequoia.csl.sri.com:7000/java/ 
ants1.2/~ants/ConfigurationManager specifies the URL of the ANTS 
application ants.ConfigurationManager located on SRI’s http code 


server in the directory java/ants-1.2/. 


- X=< url > means that < url > specifies a native binary 
executable. 


- A=< url > means that < url > specifies an ANCORS thread 


~ F=< url > means that < url > specifies a data file that 
should be simply transferred and written on the local 
installation directory. 


- S=< string > tells anetd to invoke the deployed service with 
< string > as a command line argument. < string > cannot 
contain any white spaces. 


- B=< variable >:< value > tells anetd to set the environment 
variable < variable > to the value < value >. 


- D=< dir > tells anetd to use the directory < dir > as the 
Root directory for the service installation. Anetd by 
default uses the directory /homedirectory/< clientip >/ for 
installing all downloaded code; by specifying the D=< dir > 
Option, anetd installs ed. downloaded code are 
/homedirectory/< clientip >/<dir >. 


- O=< file > redirects the standard output of the network 
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service Sto Ehe Warmle “ase file > (to be created in the 
installation directory). 


- R=< file > redirects the standard error of the network service 
to the Eile < file (to be created an Ene amseal latraon 
directory). 


- C=< description > specifies a description < description > for 
the deployed services. This description is then returned to 
the client when query commands are invoked. The description 
string cannot contain white spaces. 


Because the X and A types specify native executables, anetd 
automatically appends the extensions solaris, linux, and bsd44 to the 
URLs, depending on what platform anetd iS running on. For example, 
suppose that anetd is running on a Linux machine; the URL http:// 
sequoia.csl.sri.com:7000/executables/ps would actually fetch the file 
http://sequoia.csl.sri.com:7000/ executables/ps. 


QUERY 


The query command returns, to the client originating the command, 
a list of network services that were forked by anetd. The query command 
format is simply query. The list of forked services has the format: 
< index > < clientip > < description > 


< index > iS an index generated by anetd (0,1,2 etc.). 

< clientip > is the IP address of the client that installed 
the service. 

< description > is a textual description of the service. 


KILL 





The kill command allows a client to terminate a network service 
by sending a sigint signal. The kill command has the format: 


KILL < index > 


< index > is the index of the thread to be terminated by anetd 
“Oy, 2-ere. ) 


The < index > value should be retrieved by using the query 
command. Anetd will automatically garbage-collect all resources 
allocated to the terminated service and will only allow the client that 
originally deployed the service to perform the operation. 


GET 


The get command allows a client to retrieve a file through anetd. 
The get command has the format: 


GET alD=< cir >] < fatter 
D=< dir > tells anetd to look in the directory < dir >. Anetd by 
default uses the directory /homedirectory/< clientip >/ to look 


for the file < file >; by specifying the D=< dir > option, anetd 
will, look in /homedirectom, -sclicntipmey<8dir >. 
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< file > specifies the name of the file to retrieve. 


Anetd only allows the client that originally created the file 
< file > to retrieve it. The content of the file is returned to the 
client in the acknowledge message. 


CUT 


The put command allows a client to upload a file through anetd. 
The PUT command has the format 


PUDV D==— "dir >)ee Ele < concent). . > 


-~ D=< dir > tells anetd to look in the directory < dir >. Anetd 
by default uses the directory 


-~ < file > specifies the name of file to be created. 
- < content... > is the data to be stored. 


Anetd allows clients to upload files. For example the command PUT 
Conte sa. Will create a file. “contig” in the anstal lation = divectorw, of 
the client and write the data that follows into it. From the client 
side this 1s specified by invoking sc PUT < port > < host > config 

< filename > where < host > is the name of the machine on which anetd 
is running, < port > is the port on which anetd is listening, config is 
the remote file name and < filename > is the local filename. 


CONF 

The conf command aplies to ANCORS (Adaptable Network COntrol and 
Reporting System) threads and is similar to a remote procedure call. 
The CONF command has the format: 

CONE < symbol > [args ...]} 

- < symbol > specifies the name of the function to invoke. The 

symbol < symbol > is resolved by anetd to a local memory address, 


and the function is invoked. 


- args are a sequence of command line arguments to be passed to 
the function <symbol >. 
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APPENDIX B. ANTS PING PROGRAM 


PING APLLICATION 
package apps; 
import java.awt.*; 


ip Oimt: sites. <; 
iio Otme sil LSo* - 


[** 

* test GUI application with ping buttons 
* 

* @author David Wetherall 

ai: 


public class PingApplication 
extends Application 
implements Runnable 


{ 
final publievstatic, String| | defaults = {); 


iMlemearadety. + 1lOLCoune — Ups delay - 
long beginTime; 
BUuteom pinger; 
Label latency, received, thruput; 


TextField iterations, interval; 


synchronized public void receive(Capsule cap) { 
super .recelive (cap) ; 


Sswieen ((rTocCount % 100)) 4 


case 0: 
beginTime = thisNode().time(); 
break; 
case 99: 
Goublewaitt = 
(( (double) thisNode().time() - (double) beginTime) / 1000.0); 


Govlblerehyu = 100.0 7 GliE- 
thruput.setText (String.valueOf (thru) ); 


if (cap instanceof PingCapsule) { 


PingCapsule pcap = (PingCapsule) cap; 
Xdr buf = new Xdr(pcap.getData(), 0); 
long lat = thisNode().time() - buf.LONG(); 


latency.setText (Long.toString(lat) + " ms"); 
} 


received.setText (Integer.toString(rTotCount + 1)); 
break; 


} 


FTOCCOUNtT+T: 
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public boolean handleEvent (Event evt) { 
if (evt.id == Event.ACTION_EVENT && evt.target == pinger) { 
new Thread(this).start(); 
return true; 
} else 
return super.handleEvent(evt); 


} 


joblolalelpifenkel sebies™), 
{ 
int iter Integer.parseInt(iterations.getText()), 
interv = Integer.parseInt (interval.getText()); 


for (int 1=0; 1° < ater; eae 
ByteArray buf = new ByteArray(Xdr.LONG) ; 
MGmovoine= NeW XGr (Dur a0) 
xdr.PUT(thisNode().time()); 
PingCapsule c = new PingCapsule(port, port, target, buf); 
send(c); 
thisNode().sleep(interv) ; 


} 


public void setArgs(KeyArgs k) 
throws Exception 

{ 
k.merge (defaults) ; 


for Smt. a = 00> i ek tengen () = a as 
if (k.key(i).equals("-target")) { 
target = NodeAddress.fromString(k.arg(i)); 
Weseriketi)- 
} 
} 


super.setArgs(k) ; 
} 


public void start() 
throws Exception 
{ 
thisNode().register(new PingProtocol ()); 


resize(400, 200); 


// 2 rows by 2 columns with 2 pixel point spaces in between them 
setLayout (new BorderLayout()); 


pinger = new Button("ping " + NodeAddress.toString(target)); 


Panel outputDisplay = new Panel(); 

outputDisplay.setLayout (new GridLayout(6, 1, 1, 1)); 
outputDisplay.add(new Label("Capsules Received", Label.CENTER) ); 
received = new Label("0", Label.CENTER); 
outputDisplay.add(received) ; 

latency = new Label("0", Label.CENTER) ; 
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outputDisplay.add(new Label("Capsule Latency (ms)", Label.CENTER) ) ; 
outputDisplay.add(latency) ; 

thruput = new Label("0", Label.CENTER) ; 

outputDisplay.add(new Label("Throughput (cap/s)", Label.CENTER) ); 
OutputDisplay.add{(thruput) ; 


Panel iterDisplay = new Panel(); 
iterDisplay.setLayout (new BorderLayout()); 
i1terDisplay.add("Center", 

new Label("Num Iterations", Label.CENTER) ); 
iterations = new TextField("0"); 
iterations.setEditable(true) ; 
iterDisplay.add("South", iterations) ; 


Panel intervalDisplay = new Panel(); 
intervalDisplay.setLayout (new BorderLayout()); 
intervalDisplay.add("Center", 

new Label("Ping interval (in ms)", Label.CENTER) ); 
interval = new TextField("0"); 
interval.setEditable (true); 
intervalDisplay.add("South", interval); 


Panel topPanel = new Panel(), botPanel = new Panel(); 
topPanel.setLayout (mew GridLayout(1, 2, 1, 1)); 
botPanel.setLayout (new GridLayout(1, 2, 1, 1)); 


topPanel .add(pinger) ; 

topPanel .add(outputDisplay) ; 
botPanel.add(iterDisplay) ; 
botPanel.add(intervalDisplay) ; 


add("South", botPanel); 
add("Center", topPanel); 
joyeter.<{)) & 
show(); 


} 


public PingApplication() 
throws Exception 


{ 
super (); 


} 


PING CAPSULE 
package apps; 
Inoonte ants . = ; 


[** 


* ping capsule processing 
* 


* @author David Wetherall 
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ae 


public class PingCapsule 


{ 


extends DataCapsule 


final private static byte[] MID = findMID("apps.PingCapsule") ; 
protected byte[] mid() { return MID; } 


final private static byte[] PID = findPID("apps.PingCapsule") ; 
protected byte[] pid() { return PID; } 


public boolean ping = false; 


public ine length() 4 
return super.length() + Xdr.BOOLEAN; 


} 


public Xdr encode() { 
Xdr xdr = super.encode(); 
xdr. PUR ping); 


return xdr; 


} 


public Xdr decode() { 
Xdr xdr = super.decode(); 
ping = xdr.BOOLEAN() ; 


return. <cx ; 


public boolean evaluate(Node n) { 
if ( n.getAddress() == getDst()) { 
ping = true; 
} else if (ping!=true) { 
return n.routeForNode(this, getDst()); 
} 


if (n.getAddress() == getSrc()) { 
return n.deliverToApp(this, dpt); 
} else if (ping) { 
return n.routeForNode(this, getSrc()); 


} 


return false; 
} 
public PingCapsule() { } 


public PingCapsule(short sa, short da, int na, ByteArray d) { 
Super(sa, da, na, qd); 


} 
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PING PROTOCOL 


jr 
*-Ping proeoeco! detinervon 
* 


* @author David Wetherall 
ei 


public class PingProtocol extends Protocol { 


DHublic PingProtoecol() throws Exeeption { 
startProtocolDefn(); 


startGroupDefn(); 
addCapsule("apps.PingCapsule") ; 
endGroupDefn(); 


endProtocolDefn(); 
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APPENDIX C. BUILDING PLAN 


There are two ways that you can install the PLAN software. You 
can simply obtain the class files and execute them directly, or you can 
obtain all of the source and build it yourself. Note that BOTH 
distributions contain all of the documents and the sample programs 
(1.e., all contained within the docs, interp_tests, and rout_tests 


directories). 


PLAN relies on ANEP, the Active Network Encapsulation Protocol. 


The source code for ANEP is provided with the PLAN distribution. 


Source installation: 


PLAN was built using a number of publicly available packages. 
They are: 


(a) JDK 1.1.x -- Java Development Kit 
Sun’s site: 
http://java.sun.com/products/JDK/index html 
We used the third-party Linux port, available via: 


http://www. blackdown.org/java-linux/Mirrors.cgl 


(b) Pizza, a Substantial Companion to Java, version 0.39 


http: //www.cis.unisa. edu.au/~pizza/ 


(c) JavaCC, the Java Compiler Compiler, version 0.6.1 


http://www.suntest.com/JavaCC/ index.html 
(*Note: JavaCC is only needed if you change the grammar file, 


Parser.jjt, in any way. Otherwise, the .java files 


provided in the distribution will serve) 


You must first install all of these packages. Please follow the 


installation instructions given at each of the sites. 


i= 


Next, unpack all of the PLAN source. For a UNIX platform, you 
Should have obtained PLAN-java-2.1-sre.tar.Z. This can be unpacked 


Simply by doing 


uncompress PLAN-java-2.1-sre.tar.Z 


tar -xvf PLAN-Jjava-2.1-sre.tar 


Note that these operations should be performed in the directory 
that you would like the source to be unpacked. This shall hereafter 
be referred to as the "top level directory." This will create 3 
directories: "PLAN" which contains the PLAN source (this directory 
Shall hereafter be referred to as the "PLAN directory"), "ANEP" which 
contains the ANEP source, and "Log" which contains code for a logging 


facility used by both ANEP and PLAN. 


For Windows, you should have obtained PLAN-java-2.1-sre.zZip. 


This may be unpacked with PKZip, or WinZip, or a compatible utility. 

Building: 

The first thing that you must do is make the ANEP and Log 
packages which PLAN relies on. To build the ANEP package, go to the 
ANEP directory and read the README file which contains building 
instructions. For the Log package, simply go to the Log directory and 
type "javac Log.java" (which assumes the java compiler javac is in 
your PATH). Now you may build PLAN: 


* Using make (UNIX, some Windows systems) 


The easiest way to build the software is to use the provided 


Makefile. Simple type "make" from within the PLAN directory. 


This Makefile assumes a couple of things: 


1) jjtree, javacc are in your PATH (executables from JavaCC) 


and the JavaCC libraries are in your CLASSPATH. 
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2) 


3) 


aetile “pe wrecr ces in your PATH. This, sheuld be a script 
that executes the pizza compiler (the pizza installation 
instructions indicate that on UNIX, pc should be an alias 
for "java -ms8m pizza.compiler.Main"; instead, we choose 
to create a shell script "pc" that contains 

"Java -ms8m pizza.compiler.Main $*"; for Windows, pc.bat 
1s provided with Pizza). This presupposes that 

the pizza and java libraries are accessible from your 
CLASSPATH. 

and that the java interpreter, java, is also in your PATH. 
the PLAN, ANEP, and Log packages are in your CLASSPATH. 
This amounts to adding the top level directory of the PLAN 
distribution to your CLASSPATH (not the PLAN directory, 
Duc 


the directory that it resides in). 


Note that when making for Windows, you should make sure that 


the cleanup.bat file is being invoked, rather than the 


cleanup shell script (see the Makefile for more details). 


* Building without make (Windows) 


If you don’t have access to make and are running DOS/Windows, do 


the following from the PLAN directory: 


Ik) 


Z} 


2 ) 


3) 


type "jjtree Parser.jjt". This will build the Parser.jj 


file 


type "cleanup". This will execute the cleanup.bat script 


which removes some automatically generated files. 


type "javacc Parser.jj". This will create the necessary 


.java files. 


type "buile@”. This will actually compile all of the . Jama 


and .pizza files. 


If you modify any of the .pizza or .java files, but do not 


change the Parser.jjt file, you can safely rebuild the system 


wsing enly Buwiidebae. 


1s; 


These instructions assume that the Java and JavaCc 
executables are in your PATH; particularly java, jjtree, and javacc. 
In addition, your CLASSPATH must be set up properly 
to include the JavaCC and Pizza libraries, as indicated 
in the installation documentation for those packages. Finally, 
the PLAN, ANEP, and Log packages must also be in your CLASSPATH. 
This amounts to adding the top level directory of the PLAN 
distribution to your CLASSPATH (not the PLAN directory, but the 


directory that it resides in). 


Classfile Installation: 


If you are not interested in acquiring the source code, you can 
instead just obtain the class files and use those directly. However, 
you will still need to install the Pizza distribution (see above), 
Since the PLAN code relies on some of the provided Pizza class files. 


You will not need to install Javacc. 


For UNIX, you should have obtained PLAN-Jjava-2.1.tar.Z. To 


unpack this file: 


uncompress PLAN-java-2.1.tar.Z 


tar -xvf PLAN-java-2.1.tar 


Note that these operations should be performed in the directory 
that you would like the source to be unpacked. This shall hereafter 
be referred to as the "top level directory." This will create 
3 directories: "PLAN" which contains the PLAN classes (this directory 
shall hereafter be referred to as the "PLAN directory"), 

"ANEP" which contains the ANEP classes, and "Log" which contains 


code for a logging facility used by both ANEP and PLAN. 


For Windows, you should have obtained PLAN-java-2.1.zip. This 


may be unpacked with PKzip, or WinZip, or a compatible utility. 


You are now ready to execute the PLAN software. Please see the 


tutorial document for specific instructions. 


78 


(*Note: your CLASSPATH must be set up properly 

to include the Pizza library class files, as indicated 

in the installation documentation for that package. It 
must also include the PLAN, ANEP, and Log packages. This 
amounts to adding the top level directory of the PLAN 
distribution to your CLASSPATH (not the PLAN directory, but 


the directory that it resides in)). 


Contact Information: 


PLAN Home Page: 


http://www.cis.upenn.edu/~switchware/ PLAN 


@ 


ANEP Home Page: 


http: //www.cis.upenn.edu/~switchware/ANEP 
Supported Architectures: 
This version of the PLAN interpreter has been tested on 
* 1586 platforms running 

- Redhat Linux 4.1 and 4.2 (with JDK 1.1.1) 

- Windows95 (with JDK 1.1.3) 


* Sun SPARC’s running 


= SUnOSs ooo) Le (wikedawbh lee) 
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APPENDIX D. LOG AND ARMAIN FILES 


LOG FILE 

package Log; 

import java.text.*; 
MipCirte Javeakou™ 


import java.util.Date; 


public class Log { 


DUSIVe=r Ina! Static  InewOULE. LEVEL 
Public final Vstatrewi ee PReOneuaVvEbe=— i 


I 
© 


public final Static imt VERBOSE LEVEL = Z; 
PUD LILESrinda! stamie Ines hE BUG eEe VEL) —s5- 


// set default output to stdout 
private static String logfn = null; 
private static OutputStream logfs = 
new FileOutputStream(FileDescriptor.out) ; 
private static int level = ERROR_LEVEL; 
private static DateFormat df = 
DateFormat.getDateTimeiInstance(); 


private static boolean sol = true; 


private static String preamble() { 
Date d = new Date(); 


return df.format(d): 


// methods to alter the logging location 
public synchronized static void setLogFile(String logFileName) 
{ 


melee: 


logfs 
logfn = logFileName; 


// alter the logging level 


public synchronized static void setLevel(int l) { 
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// output methods 

es 

// 1£ output is directed to a file, the file is reopened 
// each time; this allows the file to be removed/truncated 


// at any time without disturbing the logging function 


public Symchnomtzed Static Vold Print (intepulority sa orcinge Si) 4 
ie System.out.println("level = "“+level+", priority = 
Pa Ome yi. 
1f (priority —=sLevel jt 
ey oat 
Tio LOG Ene = mullet 
logfs = new FileOutputStream(logfn, true) ; 
ie (SsOl) 
logfs.write((preamble()+": ").getBytes()); 
logfs.write(s.getBytes()); 
logfs.close(); 
sol = false; 
legis —=— muiaie 
} 
else { 
1f (sol) 
logfs.write((preamble()+": ").getBytes()); 
logfs.write(s.getBytes()); 
sol = false; 
} 
} catch (IOException e) { 
} 


Public Syuchronized Static Veordeprintlniinte priorslty,, Sering Ss) 


{ 


if (prionmity == level ey 


eny 
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12) (Loging t= moi { 
logfs = new FileOutputStream(logétn,true) ; 
ft (sol 
logfs.write((preamble()+": ").getBytes()); 
logfs.write((s+"\n") .getBytes()); 
logis. flusin®) 
logfs.close(); 
sol = true; 
leogis<= null 
} 
else { 
ieee CS OL) 
logfis.write((preamble()+": ").getBytes()); 
logfs.write((s+"\n") .getBytes()); 
logfs.flush(); 
sol = true; 
} 
* cateh. {IOException )- { 
} 


DUSIZeSstat1e.VOld print (String 7s) 


DIIne (VERBOSE LEVEL, s)i; 


DUDI1GC Star lemvold DrIntin(Stringes) .< 


Drinc ln ( VERBOSE SUEVEL,s); 
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ARMAIN FILE 


package PLAN; 


import 
import 
import 
import 
import 
imMeont 
import 
LMpOLT t 
EL elapcie 
import 
TMOe me 
Imo Ome 
import 
import 


import 


PLAN.basis.*; 


PLAN.interpreter.*; 


PLAN . 
PLAN. 


PLAN 


PLAN. 
PLAN. 


nee. *; 


ScREe 


Ute eee 


resident.*; 


DOrGAc s 


PLAN.install.*; 
fixedroute.*; 


ANON. *; 


PLAN. 
PLAN. 
java.net.*; 
java.io.IOException; 
Dizze.lang.*; 
ANEP.*; 


LOG 2": 


class ARMain { 


Static ActiveHost masterHost; 

Static ActiveHost hubHost; 

static String routTabFile; 

static List<ActiveHost> neighbors = List.Nil; 

Static int inport = 3ee4: 

static boolean interactive = false; 

static boolean IamTheMaster = true; 
Vf static String serviceDir = "./Services"; 
ee static String serviceIndexFile = "Index"; 


static void usage() { 


System.out.println("Usage 
logfile] 
rOUscab eLlell ac 


“=v | =6. | =a7) 
[-h hub] | [-rf 
Wa 


java ARMain [-i] 
"Tf-m master] 


Te) 


[-lp port] \n" + 


Ho =n nan. 
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jodl 


static void parse_args (String [] argv) { 


sugueyarke 


for ({(1=0; i<argv lengtm .2.2) { 
if (argv[igp equals ("—7 iad 
usage (); 
System.exit(1); 
} 
else if (argv[i].equals ("-v")) { 
Log.setLevel (Log. VERBOSE_LEVEL) ; 
Log.println("ARMain: verbose mode on."); 
} 
else if (argv[i].equals ("-d")) { 
Log.setLevel (Log.DEBUG_LEVEL) ; 
Log.println("ARMain: debug mode on."); 
} 
else if (argv[i].equals ("-q")) { 
Log.setLevel (Log.QUIET_LEVEL) ; 
} 
else 1f (argv[i].equals ("-1")) { 
Log.println("ARMain: interactive mode on."); 
interactive = true; 
} 
else if (argv[il.equals ("-m")) { 
if (1 == argv.length - 1) { 
Hseage t)y; 
System.exit(1); 
} else { 
masterHost = 
ActiveHost.parseActiveHost (argv[i+1],inport) ; 
1£ (masterHost == null) { 
Log.println(Log.ERROR_LEVEL, "ARMain.parse_args: "+ 
"failed to parse master request |"+ 
argv[i+1] + "|"); 
usage(); 


System.exit(1); 
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Log.println("ARMain: master set to " + masterHost) ; 


i++; 
} 
} 
else if (argv[(i}.equals (“2mi")) ¢ 
1£ (1 == "arov. length - 1) 
usage (); 


System.exit(1); 
} else { 
routTabFile = argv[it+i1]; 
Log.printin("ARMann: routTabfile set to " + argv[itl1]); 


i++; 


} 
else if (argv[i].equals ("-1")) { 
if (1 =="argv.lenoth - 1) { 
usage () ; 
System.exit(1); 
} else { 
Log.setLogFile(argv[i+1]); 
Log.setLevel (Log.VERBOSE_LEVEL) ; 
Log primeln @ARMain. logfiile set™to " + argv[i+l1]) ; 


i++; 
} 
} 
else if (argv[i].equals("-ip")) { 
it Mo == ancy. lerogen — 1) 4 
usage (); 


System.exit(1); 
} else { 


Log printin("ARMain: using incommmg port " + argv[i+1}); 


inport = Integer.parseInt (argv[i+1]); 
i++; 

} 

} 

else if (argv[i}.equals("-n")) { 

1£° (i =="sarov. length — 1 a 
usage (); 
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System.exit(1); 
else { 
ActiveHost h; 
int curindex = 0; 
int nextindex = argv[it+l1].indexOf(",",curindex) ; 
while(nextindex != -1) { 
h = AtiveHost.parseActiveHost (argv[i+l1].substring 
(curindex, nextindex), sLghelengie ))_- 
ioe @ (ey == soyidlil) 
Log .println(Log.ERROR_LEVEL, "ARMain.parse_args: "+ 
"failed to parse neighbor request |"+ 
argv [i+1].substring(curindex,nextindex) + 
a Be 
usage (); 
System.exit(1); 
} 
neighbors = List.Cons(h,neighbors) ; 
Log.println("ARMain: found neighbor " + h); 
curindex = nextindex + 1; 


nextindex = arqy(i+1].indexOr(", “mweurindex): 


} 
h = ActiveHost.parseActiveHost (argv[i+1].substring 
(Cur indesaryinpor es 
a Gas Ea lay aa 
Log.println(Log.ERROR_LEVEL, "ARMain.parse_args: "+ 
"failed to parse neighbor request |"+ 
argv[(i+1].substring(curindex) + "|"); 
usage () ; 
System.exit(1); 
} 
neighbors = List.Cons(h,neighbors) ; 


Log.println("ARMain: found neighbor " + h); 


i++; 
} 
} 
else if (argv[i].equals("-h")) { 
it Wie —=—=sarov.- Length \— sla. 
usage); 
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System.exit(l1); 
} else { 
hubHost = ActiveHost.parseActiveHost (argv[i+1],inport); 
if (hubHost == null) { 
Log .printiln(Log. ERROR LEVEL, 
"ARMain: failed to correctly obtain hub"); 
usage (); 
System.exit(1); 
} 
else 
Log.println("ARMain: using hub "+hubHost) ; 


1++; 


} 
else { 
usage (); 


System.exit(1); 


/* Main function - 
First parse the necessary options, then initialize the router 
and set up the initial environment. Finally, wait infinitely 
for packets to arrive; if they’ve reached their evalDest, 
interpret them, otherwise send them along their way 
with the specified routing function. 


ly 


public static void main (String [] argv) throws Exception { 


parse_args (argv); 


// Start the router 


Pay at 

ActiveRouter.start (interactive, inport); 
} catch (IOException e) { 

Log.println (Log.ERROR_LEVEL, 
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"ARMain: Error while starting up router 
e.getMessage ()); 


System.exit (1); 


// Initialize default services 


PLANParser.resetSvcsSymtab(); 
PLANParser.hasNet = true; 


installServices(); 


// Sét up qoutame 


LE rout lane te s==) mull yee 


// using SLRP 


if (masterHost == null) 


masterHost = ActiveRouter.whoAmlI(); 


if (!masterHost.equals(ActiveRouter.whoAmI())) 


TamTheMaster = false; 


SLRPSvcImpl.install(PLANParser.getSvcsSymtab()); 


SLRP.init(masterHost,neighbors, 3); 


LEN me 
if (IamTheMaster) { 
SLRPmaster.init(); 


SLRPMasterSvcImpl.install(PLANParser.getSvcsSymtab()); 


// Set up ANON; this is only permitted with SLRP masters 


if (hubHest “= onull) ¢ 


ANONSvcImpl.install(PLANParser.getSvcsSymtab/()); 


ANON.init (hubHost) ; 
} 
} else { 
Value neighValList = 
Value.VList 
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(neighbors. foldl 
(fun (List<Value> 1, ActiveHost h) -> List<Value> 
{ 
return List.Cons(Value.Host(h),1); 
}, Leste Nene: - 
ActivePacket p = new 
ActivePacket ("fun addme(ver:int,me:host,ns:host 
list):unit = "+ " AddRequest(ver,me,ns)", 
"addme", Value.VList 
(List.Cons (Value.Int(SLRP.version) , 
List.Cons(Value.Host (ActiveRouter.whoAmI()), 
List.Cons(neighValList, 
ase aN ae 
masterHost,5, new Pair(masterHost,0), 
SERRE); 
cry 
// XXX create TLV list and set the destination 


ActiveRouter.send_active_packet (p, TLVList.Nil,masterHost) ; 
} catch (Exception uhe) { 
// 1£ we get an error here, we should just abort 
LOog.prEint (log. BRROR LEVEL, 
"ARMain: Error trying to negotiate with master: "+uhe); 


System.exit(1); 


} 
} catch (UnknownHostException uhe) { 
Log.print (Log. ERROR_LEVEL, 

"ARMain: unable to look up local host: "+uhe) ; 
System.exit(1); 
} 


// using static routing 


else { 


EY oat 
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FixedRouteSvciImpl.init (routTabFile,neighbors) ; 
} catch (BadRouteTableFileException e) { 
Log.println(Log.ERROR_LEVEL, "ARMain: "+e)j; 
System.exit(l1); 

} 


FixedRouteSvcimpl.install(PLANParser.getSvcsSymtab()); 


// Main event loop 
Lf 
// Waits for packets to arrive and deals with them (either 


// via interpretation or forwarding) 


Pair<ActivePacket,TLVList> in; 
ActivePacket actPack; 

TELVLESt TVS; 

ActiveHost h; 


while (true) { 
in = ActiveRomter reemactive_pkt m@s 
actPack = in.fst; 
TLVs = in.snd; 
h = actPack.getEvalDest (); 


try 4 
if (h.equals (ActiveRouter.whoAmI() )) 


Go.execPacket (actPack,TLVs) ; 


else { 
Binding B = PLANParser.getSvcsSymtab() .get 
(actPack.getRoutingFn() ) ; 
ie Bessie) 


throw new ExecException("Error: no such routing 
function "+ actPack.getRoutingFn()); 
else { 
ActiveHost Hop = 
ASTOnRemote.getNextHop(B,h,actPack) ; 


ActiveRouter.send_active_packet (actPack, TLVs, Hop); 


9] 


} 

} catch (PLANException e) { 

Log.println ("ARMain: Packet raised uncaught exception 
+ e.getMessage ()); 

} catch (ExecException e) { 

Log.println ("ARMain: Execution exception : " + 

e.getMessage ()); 

} 


/* This routine causes all of the "Standard" services to be 
installed in the symbol table. If you don’t want 
certain services installed, simply comment out the 


appropriate code portion */ 


private static void installServices() { 


/* Standard router services */ 


RouterSvcimpl.install(PLANParser.getSvcsSymtab()) ; 


/* Resident data */ 
TimerServer ts = new TimerServer(); 


GSrStarte().. 


ResidentSvcimpl.initResidentServices (PLANParser. 


getSvcsSymtab(), ts); 


/* S2ortsiay 
PortSvcimpl.install(PLANParser.getSvcsSymtab()); 


/* Dynamically loadable services */ 


InstallSvcImpl.install(PLANParser.getSvcsSymtab()); 


APPENDIX E. SMART PACKETS 


Permission to use, copy, modify, and distribute this software 
and its documentation for any purpose is hereby granted without 
fee, provided that the above copyright notice and this permission 
appear in all copies and in supporting documentation, and that the 
name of BBN Corporation not be used in advertising or publicity 
pertaining to distribution of the software without specific, 
written prior permission. BBN makes no representations about the 
Suitability of this software for any purposes. It is provided "AS 
IS" without express or implied warranties. 

This software and its documentation was written by BBN 
Corporation under sponsorship by the Defense Advanced Research Projects 


Agency. 
1. SMART PACKETS 


Smart Packets is a DARPA-funded Active Networks project focusing 
on applying active networks technology to network management and 
monitoring without placing undue burden on the nodes in the network. 
Some parts of the network are growing faster than Moore’s Law predicts, 
straining the infrastructure, yet to accommodate this growth, the 
infrastructure must be monitored and managed. Current management 
techniques, such as polling MIBs, are notappropriate for these 
overtaxed components. 

Messages in active networks are programs that are executed at 
nodes on the path to one or more target hosts. Smart Packets programs 
are written ina tightly-encoded, safe language specifically designed 
to support network management and avoid dangerous constructs and 
accesses. Smart Packets improves the management of large complex 
networks by (1) moving management decision points closer to the node 
being managed, (2) targeting specific aspects of the node for 
information rather than scatter-shot collection, and (3) abstracting 
the management concepts to language constructs, allowing nimble network 


ConLrol. 


oS 


2. INSTALLATION 


To install on a new system, first unpack the distribution: 


S QuUnNZID Spoken le tar.gz 
S tar xvf spkt-1.0.1l.tar 
S ca saspkt-1.0.1 
Then read the installation instructions: 


S$ more INSTALL 


Configure the software for your machine: 


S$ ./configure --prefix=/usr/spkt # specify install location; 


Make the software, then install it: 


S make 


S make install 


There 1S one compilation warning, which occurs in the sprocket 


directory during the compile of sprcomp. Everything else compiles 


cleanly. If you receive a virtual memory exhausted error, 


"datesize" process resource limit to at least 128K. 


3. EXECUTABLES 


increase the 


sprcomp Sprocket compiler 

spanner .pl Spanner encoder 

anepd ANEP Daemon 

injector Injectors Smart Packets object code into the 
network 

spannervm Runs a Spanner program through the Virtual 


Machine without first sending it on the network 


bardemo A demo user program 
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4. USE 


Sprocket programs must be compiled into Spanner using sprcomp. 
Spanner programs must be assembled into wire encoding using spanner.pl. 
The resultant .o file from spanner.pl can be run in standalone mode 
with spannervm, or can be injected into the network with the 


Injector. 


When a program is injected into the network, for each host that 
receives it, the host must have an ANEP daemon running.If a program is 
sent along a multi-hop route, and it is being sent in hop-by-hop mode 
(see injector man page), then the intermediary routers must be running 
an ANEPD daemon, and must have a kernel installed which has the Smart 


Packets router alert and ANEP modifications (see doc/kernel-mods.txt). 


5. DOCUMENTATION 


README This file 

INSTALL Generic autoconf installation instructions 

doc/RELEASE_NOTES-1.0.0 Release notes 

doc/anep.rfc RFC for Active Networks Encapsulation 

Protocol 

doc/encoding.txt Technical details about how Spanner is encoded 
in bits and bytes (a companion document is 
encoding.gen which is generated when the 
distribution is made; this shows every opcode 
bit for every Spanner operation.) 

doc/kernel-mods.txt Instructions on how to apply ANEP and 
router alert kernel modifications 

doc/lang_survey.txt Survey of potential Smart Packets 
languages 

GOC/Drimitive- txt DESCription- OL all Sprocket 
primitives, by functional grouping 


doc/sec_arch.txt Security architecture overview 


doc/smart.ps Conference paper on Smart Packets 
doc/spanner.txt Spanner assembly language overview 
doc/spkthdr.txt Smart Packets header layout 


=) 


doc/sprocket.txt Sprocket high-level language overview 


man pages for all executables listed above 
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APPENDIX F. REGISTERED NODES 


Name: Livio Ricciulli 

IP Address: d00.csl.sri.com 

Public _Key:udoN0Ow7BOK65hhwpwgpO0zp/Pj//aYUTfEo2N4s8bw2kjs3rVtbfohk 
OUJA6cvcbLXZOfGJybj gnalIj6G2NPtvQEAAQ== 

Organization: SRI International 

Organization_Address: 333 Ravenswood Ave, Menlo park, CA 94025 
Phone _Number: 650-859-2969 

Email: livio@csl.sri.com 


Misc_Info: Network Engineering experiments 


Name: Livio Ricciulli 

IP Address: capri.sri.brainstorm.net 
Public_Key:umVy3uvlLpaSx7W83haqRONVrEH/cNatGaa7B4YgQOYR1L4K9qPzrBpd 
oVk7rKVTDyxX +OpUc2B6éaNepLsyD/F IWQOEAAQ== 

Organization: SRI International 

Organization_Address: 333 Ravenswood Ave 

Phone_Number: 650-859-2969 

Emad i: lavioeesivsra. com 


Misc_Info: Anetd’s experiments from home 


Name: Pankaj Kakkar 

IP Address: zaria.csl.sri.com 
Public_Key:r8K+gZ4ZRo5usA6751RD5Kh7HNwGAul0HvuxGE5v5epO0Fcw0EgkLcT 
sBq7 £j] DWkKW6EU57 oNG6F6e451rUln20QEAAQ== 

Organization: University of Pennsylvania 

Organization_Address: 200 South 33rd St, Philadelphia PA 19104 
Phone Number: (215) 898 8116 

Email: pankaj@gradient.cis.upenn.edu 


Misc_Info: PLAN daemon admin 


Name: Madhu Sudan 
IP Address: 130.107.16.135 


oF 


Public _Key:xc5Z6TVuR26Y7HtiAQ3Y7hXjzZwss6g+z2KignNBr1Da2YWo3KFVFs 
gUwfksU1PH271IDLeU7iogV5wmNhfwJ8QEAAQ== 

Organization: SRI International 

Organization_Address: 333 Ravenswood Avenue, Menlo Park, CA 
94043, USA 

Phone_Number: (650) 859 4247 

EFmail: madhu@csl.sri.com 


Misc_Info: Experimentation and administration 


Name: Maria Calderon Pastor 

Te Address sila. 1002105152 
Public_Key:xcNrTqbIK30P1/k9o0vUeWhfoNatzT5t7g0lhDgulI+VC9ELOGUHDWUt 
ym3LqYCZudPlgNrRtxTGMwSoHydJ zJ 8wwEAAQ== 

Organization: Facultad de Informatica - UPM 

Organization_Address: Campus de Montegancedo - Boadilla del Monte 
- 28660 Madrid - Spain 

Phone_Number: +34 1 3367396 

Email: mcalderon@fi.upm.es 


Misc_Info: Active Network Deployment 


Name: Jeff Kann 

IP Address: 128.9.160.165 

Public Key: SPEYLJLWL+Ovfit6+JEPbi7tfSnxX3 P£CI68 PqAKwiwrGwiqKl8UsZHR 
D1N4G194£Ua5/tXH11W2HM7 Pv93 ZEORWEAAQ== 

Orgenizataon= SUSC/ FSi 

Organization_Address: 4676 Admiralty Way, Marina del Rey, CA 
90292 

Phone_Number: 310-822-1511 

Email: kann@isi.edu 


Misc_Info: ARP project experiment 


Name: dartisi 

IP Address: 128.9.160.194 

Public _Key: zOYprxgdanYj qkehgKqAh6RgEOOM15PJjp/EDCq/kBz13F+B51Lhxmp 
foox4SKukyBNP6ésv4PdPiLqilEy4xPkLQEAAQ== 
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Organization: USC/ISI 

Organization_Address: 4676 Admiralty Way, Marina del Rey, CA 
OO292 

Phone_Number: 310-822-1511 

Email: kann@isi.edu 

Misc_Info: Providing one login for all the people in ISI West 


that could use the Abone for the ARP project. 


Name: Dana Chee 

IP Address: 207.3.230.162 
Public_Key:pOP540iR+Wvi/ikKQzcAfxy2kazJWYFGAOkUx96WDmS3trnaPM1lrn8G 
kYBDwSR8DX8 YhHJGNMTDzVzbG/ gGUxurQEAAQ== 

Organization: Bellcore 

Organization_Address: 445 South Street; Morristown, NJ 07960 
Phone_Number: 973-829-4488 

Email: dana@bellcore.com 


Mise_iInto: I’m currently working on the#Aceme 


Name: Kristin Wright 

iP Adaresse7155.99.2127. 119 

Public_Key: ysmUPZAyvTZOC8EygGpv5jOqvwth644B3bG+zhOXnDYuxk2dT2k0nZ 
auqyNVJj eupOFaGeY15ITeuUnNi/C1zpSQEAAQ== 

Organization: University of Utah 

Organization_Address: 50 S Central Campus Drive, Rm 3190 
Phone_Number: 801-581-4802 

Email: kwright@cs.utah.edu 


Misc_Info: Active network research 


Name: Dan Van Hook 

IP Address: 129.55.10.190 

Public_Key: +KHX£CL/0OdjIcbNoOVh3mUY8vD1XxXpO3kronjWwKUZu/vJIh1N+v03U 
npn/mYcOO8SMUE417d1MGakWdZrSlLeQEAAQ== 

Organization: MIT Lincoln Laboratory - Distributed Systems Group 
Organization_Address: 244 Wood Street Lexington MA 02420 
Phone_Number: 781-981-4153 


2° 


Email: dvanhook@ll.mit.edu 


Misc_Info: Active network research 


Name: Edward Lewis 

uP Address -3199 77 39.3 

Public_Key: 5hTIUZwLCD3WtRK1f£1kUZssrTvicw99oKPFmv9+CkDhcAZUj PAkK+UIL 
xlHgOCe9/2moYQ5 foAhSGkxXeFn112ZCQEAAQ== 

Organization: TIS Labs at NAI 

Organization_Address: 3060 Washington Rd, Glenwood, MD, 21738 
Phone Number: +1 301-854-5794 

Email: lewis@tis.com 


Misc_Info: DARPA research project 


Name: Patrick Jie 

IP Address: 166.104.36.173 

Public_Key: 4jhjie 

Organization: Network Computing Lab. 

Organization_Address: Hanyang University, Korea 
Phone_Number: 002-290-0355 

Email: jhjie@hyuee.hanyang.ac.kr 

Misc_Info: For testing the Active Networking Technology and 


developing the new revolutionary Application. 


Name: Patrick Jie 

IP Address: 166.104.45.177 
Public_Key:m/a0b8BxyxbiknsOAjEMKHX10dhWr4c39FDDrzXDyi0OL7wqpZixDKZ 
NEUCEViMvvBm000Q0CLDcrRv4gldXRnEwEAAQ== 

Organization: Network Computing Lab. 

Organization_Address: Hanyang University, Korea 

Phone_Number: 082-02-290-0355 

Email: jhjie@hyuee.hanyang.ac.kr 

Misc_Info: Testing the active networking technology and 


developing the revolutionary application. 
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Name: Patrick Jie 

IP Address: 166.104.45.194 
Public_Key:rZLD5aZb+8iyy7iGtROVrug13di0n421POqMwuTeQ0 9t05MsulQzk1l 
7C58MKWHRYKFzeJOyCCd6k0OuVSXeboQwEAAQ== 

Organization: Network Computing Lab. 

Organization_Address: Hanyang University, Korea 

Phone_Number: 082-02-290-0355 

Email: jhjie@hyuee.hanyang.ac.kr 

Misc_Info: For testing the dynamic network operation and the 


revolutionary application 


Name: David Raila 

IP Address: 128.174.240.14 

Public_Key : QCNAy 8b6 2UAAAEEAMbDYY S9kAYVOHAFb9cb107Q0iACmFdvcy3W3NZNc/m 
Rrk9Ocp0Vv 

Organization: Unayverll | CS Dept. 

Organization_Address: 1304 West Springfield, Urbana Il, 61801 
Phone_Number: 217 333 0108 

Email: raila@cs.uiuc.edu 


Misc_Info: research 


Name: Pankaj Kakkar 

TP Address7 ios .130..12 .150 

Public_Key: 1UO0URh6BazDPNk2A6wMJ7 83 IPE7r1lGAyx0ARW3 PKKo4rJy5Z3ppMg4 
rC/Um6 YN9 qw9 £m7 J PLQO9 LGMEYwM+QawEAAQ== 

Organization: Univ of Penn 

Organization Address: 200 St. "33rd St 

Phone_Number: 215 898 8116 

Email: pankaj@gradient.cis.upenn.edu 


Misc_Info: UPenn ABONE node admin 


Name: Geoffrey XIE 

IP Address: 131.120.1.244 

Public_Key: t2pdU7tWzikq3cklFxyYpe6xDLqd4mdTiDp7cp1jGGnGH1lsc+w3mivV 
KE88rfpa39DImeLELTDHWF fIxVg0BOrQEAAQ== 
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Organization: Naval Post Graduate School 
Organization_Address: NPS Monterey CA 93943 
Phone _Number: (831)656-2693 

Email: xie@cs.nps.navy.mil 


Misc_Info: Our research is about Active Networking 


Name: Cheryl DeMatteis 

[PwAddressee ZUG eri s53 . 41 

Public_Key:+k8dG1DPWGetFepC fafJZouZdaTTTw1Xz81fLEcLHx8yhxXxww8z1S81 
yYWuPf£P+MIILWE30EQOBOt1Va/Hz F jBU2WEAAQ== 

Organization: The Aerospace Corporation 

Organization_Address: 2350 E. El Segundo Blvd., El Segundo CA. 
90245 

Phone_Number: (310) 336-1189 

Email: cdematt@aero.org 


Misc_Info: To participate in Active Networks research 
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sc.Linux PUT 3322 d0Ol.csl.Sri.com data.routes data.routes 


se. Linux PUT 33220a01 cslecilnecom Calta. .cOnrlg Catageonrtlg 


S¢. Linux LOAD 3322 d0aesl¥srim com 
J=http://sequoia.csl.sri.com:7000/ants- 
1.2.a/~ants/ConfigurationManager S=data.config S=18.31.12.1 T=18 
0=18.31.12.1 C=ANTS_active_node 

Se Dinux LOAD = 2322 GUieesl-srl com 
J=http://sequoia.csl.sri.com:7000/java/~GetStatl S=18.31.12.1 
$=18.31.12.1 S=18eew2 eS —5000F Se _DISPLAY: - 0240 
C=Standard_output_viewer 

sc.Linux PUT 3322 sequoia.csl.sri.com data.routes data.routes 
sc.Linux PUT 3322 sequoia.csl.sri.com data.config data.config 
sc.Linux LOAD 3322 sequoia.csl.sri.com 
J=http://sequoia.csl.sri.com:7000/ants- 
1.2.a/~ants/ConfigurationManager S=data.config S$=18.31.12.2 T=18 
0=18.31.12.2 C=ANTS_active_node 

sc.Linux LOAD 3322 sequoia.csl.sri.com 
J=http://sequoia.csl.sri.com:7000/java/~GetStatl S=18.31.12.2 
G=lorow. 2.2) oo. ol 12s S=5000 E=DISPLAY > :U0-U 
C=Standard_output_viewer 

sc.Linux PUT 3322 melon.cs.nps.navy.mil data.routes data.routes 
sc.Linux PUT 3322 melon.cs.nps.navy.mil data.config data.config 
sc.Linux LOAD 3322 melon.cs.nps.navy.mil 
J=http://sequoia.csl.sri.com:7000/ants- 
1.2.a/~ants/ConfigurationManager S=data.config S$=18.31.12.3 T=18 
O=18.31.12.3 C=ANTS_active_node 

sc.Linux LOAD 3322 melon.cs.nps.navy.mil 
J=http://sequoia.csl.sri.com:7000/java/~GetStatl S=18.31.12.3 
S=18 .31.1203oe198. 3912.3 S=500U E=DISPRAY: 30.0 
C=Standard_output_viewer 


Sc. LINnUsent LG S322 a0l.csl.sri.conme 
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sc.Linux PUT 3322 d0l1.csl.sri.com data.routes data.routes 


sc .Linux PUT 3322 dQleesl -sriseommcata- contig Gdatascontig 


sc. Linux LOAD 3322 @0la¢slmisri.com 
J=http://sequoia.csl.sri.com:7000/ants- 
1.2.a/~ants/ConfigurationManager S=data.config S=18.31.12.1 T=18 
0=18.31.12.1 C=ANTS_active_node 

SG Linux LOAD. 3322.d0l.esi sri .com 
J=http://sequoia.csl.sri.com:7000/java/~GetStatl1 S=18.31.12.1 
$=18.31.12.1 S=18.31.12.1 S=5000 E=piSersy 7050 
C=Standard_output_viewer 

sc.Linux PUT 3322 sequoia.csl.sri.com data.routes data.routes 
sc.Linux PUT 3322 sequoia.csl.sri.com data.config data.config 
sc.Linux LOAD 3322 sequoia.csl.sri.com 
J=http://sequoia.csl.sri.com:7000/ants- 
1.2.a/~ants/ConfigurationManager S=data.config S=18.31.12.2 T=18 
O=18.31.12.2 C=ANTS_active_node 

sc.Linux LOAD 3322 sequoia.csl.sri.com 
J=http://sequoia.csl.sri.com:7000/java/~GetStatl S=18.31.12.2 
§=18.31.12.2 S=18.31.1222 S=50008n-—pasPiLAy:.0.0 


C=Standard_output_viewer 
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sc.Linux PUT 3322 melon.cS.nps.navy.mil data.routes data.routes 
sc.Linux PUT 3322 melon.cS.nps.navy.mil data.config data.config 
sc.Linux LOAD 3322 melon.cs.nps.navy.mil 
J=http://sequoia.csl.sri.com:7000/ants- 
1.2.-a/—ants/ConfigurationManager S=data.config S=18.31.12.3 T=18 
O0=18.31.12.3 C=ANTS_active_node 

sc.Linux LOAD 3322 melon.cs.nps.navy.mil 
J=http://sequoia.csl.sri.com:7000/java/~GetStatl S=18.31.12.3 
Sa6e ole woe. Si oo) 0 OOS E=DrSPEAY::0.0 
C=Standard_output_viewer 

Se.binux Kili 3322000 (cs lca. comey 

SC. Linux Kibb. 3322 ,d0iesl cri conm 0 

sc. bam KI 6322 “d0iiees! {smi cous © 

sc. Linux KILL 3322 sequoia cs. sriscomn 0 

sc.Linux KILL 3322 sequoia.csl.sri.com 0 

sc.Linux KILL 3322 sequoia.csl.sri.com 0 

sc.Linux KILL 3322 melon.cs.nps.navy.mil 0 

sc.Linux KILL 3322 melon.cs.nps.navy.mil 0 

Sc. Linux KILL 3322 melontcs mps.navy.mil 0 

sc. linux QUERY 3322 melon es nps-navy.mil 

SClelinux OUBRY) 3522 -G0l 2es) > simi com 

SC lanuUxsOURRY S322400t 76S. Sriscom 

sc: Linux QUERY 3322 melon - cs -nps navy mil 

Sc LImlix QUERY S822nd0i cs cri com 

sc. Linux QUERY 3322 9sequova. csi: srisecom 

sc.Linux PUT 3322 d01.csl.sri.com data.routes data.routes 
sc-Linux PUT 3322 d0l@cesil.sri.com data.config data config 

sc, Linux LOAD 3322 a0 esl. sri com 
J=http://sequoia.csl.sri.com:7000/ants- 
1.2.a/~ants/ConfigurationManager S=data.config S=18.31.12.1 T=18 
0=18.31.12.1 C=ANTS_active_node 

sc Linux) LOAD 3322 d0li¢sl.sri.com 
J=http://sequoia..cs!-sri. com: 7000/7 Java/-GetSteat! S=leret. 12.1 
S=le sai Pe S-s 31 12.1 S=S 0G eee=DISPLAY: -0.0 
C=Standard_output_viewer 

sc.Linux PUT 3322 sequoia.csl.sri.com data.routes data.routes 


sc.Linux PUT 3322 sequoia.csl.Sri.com data.config data.config 
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Sci lainmux LOAD 3322 sequetarcs! “srr. com 
J=http://sequoia.csl.sri.com:7000/ants- 
1.2.a/~ants/ConfigurationManager S=data.config S=18.31.12.2 T=18 
O0=18.31.12.2 C=ANTS active node 

sc. Linux LOAD’ 3322 sequoia-csl-sr27.com 
J=http://sequoia.csl.sri.com:7000/java/~GetStat1l S=18.31.12.2 
S=18.31.12.2 S=18.31.1292 S=5000" E=DRSPLAY: 7020 
C=Standard_output_viewer 

sc.Linux PUT 3322 melon.cs.nps.navy.mil data.routes data.routes 
sc.Linux PUT 3322 melon.cs.nps.navy.mil data.config data.config 
sc.Linux LOAD 3322 melon.cs.nps.navy.mil 
J=http://sequoia.csl.sri.com:7000/ants- 
1.2.a/~ants/ConfigurationManager S=data.config S=18.31.12.3 T=18 
0=18.31.12.3 C=ANTS_active_node 

sc.Linux LOAD 3322 melon.cs.nps.navy.mil 
J=http://sequolia.csl.sri.com:7000/java/~GetStati S=18.31.12.3 
S=18.31.12.3 S=18.3199253 S=50007E=DISPLAY::0 .0 
C=Standard_output_viewer 

sc. Linux QUERY 3322 sequoia.csl.sri.com 

sc ..Linux QUERY 3322 d0imesttesri.com 

se hinux KILL 3322 d0imes!.sri-con © 

sc. Linux KILL 3322 d0Ql%esl]l .srigcone? 

sc .Linux KILL 3322 dU0P¥esl.smrm cone 

sc .Linux KILL 3322 sequeéta.csl.sri.com 0 

sc.Linux KILL 3322 sequolia.csl.sri.com 0 

sc.Linux KILL 3322 sequoia.csl.sri.com 0 

se ..Lirmux KILL 3322.melon.¢s.nps- navy mil 0 

sc.Linux KILL 3322 meiien.csinps .navy.mil 0 

sc.Linux KILL 3322 melon.cs.nps.navy.mil 0 

sc.Linux PUT 3322 d01l.csl.sri.com data.routes data.routes 
sc.Linux PUT 3322 d0lJcsl smmeeom data-confiig data.config 

sc. Linux LOAD 23228001) csi s2i.com 
J=http://sequoia.csl.sri.com:7000/ants- 
1.2.a/~ants/ConfigurationManager S=data.config $=18.31.12.1 T=18 
O0=18.31.12.1 C=ANTS_active_node 

sc .Linux LOAD 3322 %a0l.csl2sri-7com 
J=http://sequoia.csl.sri.com:7000/java/~GetStatl S=18.31.12.1 
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S=18.341.12.1 S=182312124)) S=S000 
E=DISPLAY:melon.cs.nps.navy.mil:0.0 C=Standard_output_viewer 
sc.Linux PUT 3322 sequoia.csl.sri.com data.routes data.routes 
sc.Linux PUT 3322 sequoia.csl.sri.com data.config data.config 
sc.Linux LOAD 3322 sequoia.csl.sri.com 
J=http://sequoia.csl.sri.com:7000/ants- 
1.2.a/~ants/ConftigqurationManager S=data. config ™S=10 31-1252 T=18 
0=18.31.12.2 C=ANTS_active_node 

sc.Linux LOAD 3322 sequoia.csl.sri.com 
J=http://sequoia.csl.sri.com:7000/java/~GetStat1 S$=18.31.12.2 
S=18 .3 W229 Serle ee S=5 008 
E=DISPLAY:melon.cs.nps.navy.mil:0.0 C=Standard_output_viewer 
sc.Linux PUT 3322 melon.cs.nps.navy.mil data.routes data.routes 
sc.Linux PUT 3322 melon.cs.nps.navy.mil data.config data.config 
sc.Linux LOAD 3322 melon.cs.nps.navy.mil 
J=http://sequoia.csl.sri.com:7000/ants- 
1.2.a/~ants/ConfigurationManager S=data.config S=18.31.12.3 T=18 
0=18.31.12.3 C=ANTS_active_node 

sc.Linux LOAD 3322 melon.cs.nps.navy.mil 
J=hetp3//Sequolia.csivesrijcom: 0007 jave, -Geestan iy S—leree 2s 
S=18.31.12.3. S=1 Sede, LegemeSa5100,0 
E=DISPLAY:melon.cs.nps.navy.mil:0.0 C=Standard_output_viewer 
se. Linux Killes322 Gl. cslechisconae 

sc.Linux Kiel, 822 d0ieesifsriveom 0 

se. Linux KILL S322 d0lL. csdmsmme com 0 
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1.2.a/~ants/ConfigurationManager.S=data.config S=18.31.12.1 T=18 
0=18.31.12.1 C=ANTS_active_node 
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sc.Linux LOAD 33229001). csimserr com 

w=Nt Corey 7 SequCotames] .sm1.,coma7000/java/~GetStatt .S=6.31.12.1 
S=18.31.120 S=1561 2 Me S=5000 
E=DISPLAY:melon.cs.nps.navy.mil:0.0 C=Standard_output_viewer 
sc.Linux PUT 3322 sequoia.csl.sri.com data.routes data.routes 
sc.Linux PUT 3322 sequoia.csl.sri.com data.config data.config 
sc.Linux LOAD 3322 sequoia.csl.sri.com 
J=http://sequoia.csl.sri.com:7000/ants- 
1.2.a/~ants/ConfigurationManager S=data.config S=18.31.12.2 T=18 
0=18.31.12.2 C=ANTS_active_node 

sc.Linux LOAD 3322 sequoia.csl.sri.com 
J=http://sequoia.csl.sri.com:7000/java/~GetStat1 S=18.31.12.2 
S=1 Sede 22. S=18 Sie 2 S=5000 
B=DISPLAY:melon.cs.nps.navy.mil:0.0 C=Standard_output_viewer 
sc.Linux PUT 3322 melon.cs.nps.navy.mil data.routes data.routes 
sc.Linux PUT 3322 melon.cS.nps.navy.mil data.config data.config 
sc.Linux LOAD 3322 melon.cs.nps.navy.mil 
J=http://sequoia.csl.sri.com:7000/ants- 
1.2.a/~ants/ConfigurationManager S=data.config S=18.31.12.3 T=18 
0=18.31.12.3 C=ANTS_active_node 

sc.Linux LOAD 3322 melon.cS.nps.navy.mil 
J=http://sequoia.csl.sri.com:7000/java/~GetStatl S=18.31.12.3 
S=18.31212.3 S=18.31. 12 Ps=5000 
E=DISPLAY:melon.cs.nps.navy.mil:0.0 C=Standard_output_viewer 
sc. Linux KILL 3322 d0ivesi -sraveonr= 

SCyiamime KILL 3322u0@ie@es!] .sriscomel 

sc. linux KILL 3322 dQlscsl.sri.conmp 

sc.Linux KILL 3322 sequoia.csl.sri.com 0 

sc.Linux KILL 3322 sequoia esiesrivcom 0 

sc.Linux KILL 3322 sequemacest2scri,com, 0 

sc. Linux KILL 3322 metloneses-nps mavy imal 0 

sc. Limux KELL @822 melon.cs.nps-navy-.mil 0 

scvlinux KELL Ss8Z2 melenses mes .navy.mil 0 

sc.Linux PUT 3322 d0l.csl.sri.com data.routes data.routes 
sc.Linux PUT 3322 G0l.¢csl.srm¥eom data.conitemdata.config 
sc.Linux LOAD 3322 8a0l- e¢sl?sri com 


J=http://sequoia.csl.sri.com:7000/ants- 
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1.2.a/~ants/ConfigurationManager S=data.config S=18.31.12.1 T=18 
O=18481 .12.1 C=ANTS_acitzaive_node 

SC.Linus.LOAD 3322 @o igecl. sriucom 
J=http://sequoia.csl.sri.com:7000/java/~GetStatl S=18.31.12.1 
S=18.31.12.1 S=13. sae eS —5 0.00 
E=DISPLAY:melon.cs.nps.navy.mil:0.0 C=Standard_output_viewer 
sc.Linux PUT 3322 sequoia.csl.sri.com data.routes data.routes 
sc.Linux PUT 3322 sequoia.csl.sri.com data.config data.config 
Sc. linux LOADS3322 sequola.cs!l .sri.com 
J=http://sequoia.csl.sri.com:7000/ants- 
1.2.a/~ants/ConfigurationManager S=data.config S=18.31.12.2 T=18 
0=18.31.12.2 C=ANTS_active_node 

sc.Linux LOAD 3322 sequoia.csl.sri.com 
J=http://sequoia.csl.sri.com:7000/java/~GetStatl S=18.31.12.2 
S=18231.12-2>°$=18 sia s=5 000 
E=DISPLAY:melon.cs.npsS.navy.mil:0.0 C=Standard_output_viewer 
sc.Linux PUT 3322 melon.cs.nps.navy.mil data.routes data.routes 
sc.Linux PUT 3322 melon.cS.nps.navy.mil data.config data.config 
sc.Linux LOAD 3322 melon.cs.nps.navy.mil 
J=http://sequoia.csl.sri.com:7000/ants- 
1.2.a/~ants/ConfigurationManager S=data.config S=18.31.12.3 T=18 
0=18.31.12.3 C=ANTS_active_node 

Seni nux SUOAD»3322.melonses nps .navy smi 
J=http://sequolia.csl.sri.com:7000/java/~GetStatl S=18.31.12.3 
S=18.31.12.3 S=18 . Slee S=5000 
E=DISPLAY:melon.cs.nps.navy.mil:0.0 C=Standard_output_viewer 
sc, linux KILL 3322 d01.cslosmuigcona 

SC. Pa nuxKeneuluesoeceou lacs lst d -Com a0 

Sc-banux Kite 24822 @Olaes lasriescen 0 

sc. Linux KILL 3322 sequoia.csl.sri.com 0 

sc.Linux KILL 3322 sequoia.csl.sri.com 0 

sc.Linux KILL 3322 sequoia.csl.sri.com 0 

Sc. Linux KILL 3322 melon -¢s-nps- navy. milo 

sc.Linux KILL 3322 melon.cs.nps.navy.mil 0 

sc. Linux KILL 3322 meson.cs .npssmavy -mil 0 

sc.Linux QUERY 3322 melon.cS.nps.navy.mil 

sc.Linux QUERY 3322 da@a.csl.sri.com 


sc.Linux QUERY 3322 sequolia.csl.sri.com 
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sc. LGainux QUERY 3322 melon cs. nps@mavy.mil 

sc. Linux PUT 3322 d01 csi. srieconmdata “outecmdatawroutes 
sc.Linux PUT 3322 d0l.csimswmimme@om data.config data.config 

Sc binux LOAD 3322-0 F- esl. srr. com 
J=http://sequoia.csl.sri.com:7000/ants- 
1.2.a/~ants/ConfigurationManager S=data.config S$=18.31.12.1 T=18 
O=18.31.12.1 C=ANTS_active_node 

sc. binux: LOADSs322ecd01 csl.srmecom 
J=http://sequoia.csl.sri.com:7000/java/~GetStatl S=18.31.12.1 
S216. 31.12 -1S=e75 1. ri 5-5 008 
E=DISPLAY:melon.cs.nps.navy.mil:0.0 C=Standard_output_viewer 
sc.Linux PUT 3322 sequoia.csl.sri.com data.routes data.routes 
sc. Linux PUT 3322 sequola.csl4sriscom datavcontiig date. config 
sc.Linux LOAD 3322 sequoia.csl.sri.com 
J=http://sequoia.csl.sri.com:7000/ants- 

My2.a/~ants/ ConftigurationManager™S=data-conftig S=18731.12.2 T=18 
O0=18.31.12.2 C=ANTS_active_node 

sc.Linux LOAD 3322 sequoia.csl.sri.com 
J=http://sequoia.csl.sri.com:7000/java/~GetStat1l S=18.31.12.2 
S=18.31.12 52° S=2erste tees o-sUoW 
E=DISPLAY:melon.cs.nps.navy.mil:0.0 C=Standard_output_viewer 
sc.Linux PUT 3322 melon.cs.nps.navy.mil data.routes data.routes 
sc.Linux PUT 3322 melon.cs.nps.navy.mil data.config data.config 
sc.Linux LOAD 3322 melon.cs.nps.navy.mil 
J=http://sequoia.csl.sri.com:7000/ants- 
1.2.a/~ants/ConfigurationManager S=data.config S=18.31.12.3 T=18 
0=18.31.12.3 C=ANTS_active_node 

sc.Linux LOAD 3322 melon.cs.nps.navy.mil 
J=http://sequoia.csl.sri.com:7000/java/~GetStatl S=18.31.12.3 
S=18 3101273 S=lo - 3421000 
E=DISPLAY:melon.cs.nps.navy.mil:0.0 C=Standard_output_viewer 
sc.Linux KILL Se7erdol esl srr comer 

sc.Linux KILL 33228d0imMesi=er we const 

SC ;binux KILL 3322.d0imes lacmin cone 

sc.Linux KILL 3322 sequoiavcsl.sriscom 0 

sc.Linux KILL 3322>sequorarcs!.srr-com 0 

sc.Linux KILL 3322 sequoia.csl.sri.com 0 


sc.Linux KILL 3322 melon.cs.nps.navy.mil 0 
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sc.Urnux KILL 3322 melemncs nps.navy.mil 0 

sc.Linux KILL 3322 melon.cs.nps-.navy.mil 0 

sc.Linux PUT 3322 d0l.csl.sri.com data.routes data.routes 

Se. hinus PUL 3322" quieesl sri com data conrig data.contrig 
sc.Linux LOAD 3322 d0imesi.srisxcom 
J=http://sequoia.csl.sri.com:7000/ants- 
1.2.a/~ants/ConfigurationManager S=data.config S=18.31.12.1 T=18 
O0=18.31.12.1 C=ANTS_active_node 

Se 7 Lanse LOAD 3322 GQ0iecsl sriacom 

J=http: //sequoia.csl.sri-.com:7000/java/~GetStatl S=18.31.12.1 
S=16°39P i271 s=18 . 31712. 1 S=s000 
E=DISPLAY:melon.cs.nps.navy.mil:0.0 C=Standard_output_viewer 
sc.Linux PUT 3322 sequoia.csl.sri.com data.routes data.routes 
sc.Linux PUT 3322 sequoia.csl.sri.com data.config data.config 
sc.Linux LOAD 3322 sequoia.csl.sri.com 
J=http://sequoia.csl.sri.com:7000/ants- 
1.2.a/~ants/ConfigurationManager S=data.config S=18.31.12.2 T=18 
O=18.31.12.2 C=ANTS_active_node 

sc.Linux LOAD 3322 sequoia.csl.sri.com 
J=http://sequoia.csl.sri.com:7000/java/~GetStatl S=18.31.12.2 
S=18.31.12 229 S=Veretrte 2 *S=5 00 
E=DISPLAY:melon.cs.nps.navy.mil:0.0 C=Standard_output_viewer 
sc.Linux PUT 3322 melon.cs.nps.navy.mil data.routes data.routes 
SCjilimux PUT 3322 mélonwcs nps.navy.mil datameontig data.config 
sc.Linux LOAD 3322 melon.cs.nps.navy.mil 
J=http://sequoia.csl.sri.com:7000/ants- 
1.2.a/~ants/ConfigurationManager S=data.config S=18.31.12.3 T=18 
0=18.31.12.3 C=ANTS_active_node 

sc. Linux LOAD 3322 melon¥es Mps®navy.mil 
J=http://sequoia.csl.sri.com:7000/java/~GetStatl S=18.31.12.3 
S=1@ee4.12526S=18 . 3121223) S=5000 
E=DISPLAY:melon.cs.nps.navy.mil:0.0 C=Standard_output_viewer 
Sc. hinux KILL 3322 dQimcsl. sri.com 0 

sc. Linux *hiitiess 22 d0alrcsl “srivconed 

Se7 tanux Mibbes322.d0lscsl sri comed 

sc.Linux KILL 3322 sequoia.csl.sri.com 0 

sc.Linux KILL 3322 sequoia.csl.sri.com 0 


sc.Linux KILL 3322 sequoia.csl.sSri.com 0 
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Se 


SC 


sc 


oC 


sc 


sc. 


oC 


=o: 


Le: 


nitaligneb.< 
eanx 
nal g Bb bse 
Ei ijal) hb. < 


lind MU 


[Gay abe 


Pilati ah ber 
Aina ian blo's 


a Lal athlete 


KILL 3322 melon.cs.nps.navy.mil 0 
KILL 3322 melon.cs.nps.navy.mil 0 
KILL 3322 melon.cs.nps.navy.mil 0 


Bir 3322”°da01.csil..srimcom data.routes data . 


KILL 3322 d0lsvesillsraeecon 6 


PUT 3322 d01l.csl.sri.com data.routes data. 
PUT 3822 d0isecsl .sri@com datamroutes®data. 
PUT 3322 da01-.csl.sri.com dataveéonrig data. 


LOAD 3322 d0iees 1 .sriecom 


J=http://sequoia.csl.sri.com:7000/ants- 


Boures 


routes 
routes 


Conerg 


1.2.a/~ants/ConfigurationManager S=data.config S=18.31.12 


O=18.31.12.1 C=ANTS_active_node 


sc.Linux LOAD 3322 cd0ieesl .sri:com 


fi. T=18 


J=http://sequoia.csl.sri.com:7000/java/~GetStatl1 S=18.31.12.1 
S=18-31.12-1 S=18 .31.12 Ses =5600 


E=DISPLAY:melon.cs.nps.navy.mil:0.0 C=Standard_output_viewer 


sc.Linux PUT 3322 sequoia.csl.sri.com data.routes data.routes 


sc.Linux PUT 3322 sequoia.csl.sri.com data.config data.config 


sc.Linux LOAD 3322 sequoia.csl.sri.com 


J=http://sequoia.csl.sri.com:7000/ants- 


1.2.a/~ants/ConfigurationManager S=data.config S=18.31.12.2 T=18 


@=13..31..12.2 CH=ANTSiactivesanode 


sc.Linux LOAD 3322 sequoia.csl.sri.com 


J=http://sequoia.csl.sri.com:7000/java/~GetStatl S=18.31.12.2 
S=iee 31.0262 S=lerseel es S—s000 


E=DISPLAY:melon.cs.nps.navy.mil:0.0 C=Standard_output_viewer 


sc.Linux PUT 3322 melon.cs.nps.navy.mil data.routes data.routes 


sc.Linux PUT 3322 melon.cs.nps.navy.mil data.config data.config 


sc.Linux LOAD 3322 melon.cs.nps.navy.mil 


J=http://sequoia.csl.sri.com:7000/ants- 


1.2.a/~ants/ConfigurationManager S=data.config S=18.31.12.3 T=18 


0=18.31.12.3 C=ANTS_active_node 


sc.Linux LOAD 3322 melon.cs.nps.navy.mil 


J=http://sequoia.csl.sri.com:7000/java/~GetStatl S=18.31.12.3 
S=18.31.12.3 S=18.31. 12 Mers-5000 


E=DISPLAY:melon.cs.nps.navy.mil:0.0 C=Standard_output_viewer 


sc.Linux KILL 3322400 esl smi eon 


sc.Linux KILL 3322 a0l-ecslesnieeocnme! 


2 


Se. Uimux KILL 3322 qeieesty Sr com, 0 

sc.Linux KILL 3322 sequoia.csl.sri.com 0 

Se-bimux KIbL 3822 sequera,cs!:.sri-com 0 

sc. Linux KILL 3322 sequoia.csl.srimcom 0 

sc.Linux KILL 3322 melon.cs.nps.navy.mil 0 

sc.Linux KILL 3322 melon.cs.nps.navy.mil 0 

sc.Linux KILL 3322 melon.cS.nps.navy.mil 0 

sc.Linux PUT 3322 d0l.csl.sri.com data.routes data.routes 

se. banux “PUT 3882 d0il-csl.sri.comedata.config data.conftig 

sc. Linux @sOAD 3322 d01:.csimesri.com 
J=http://sequoia.csl.sri.com:7000/ants- 
1.2.a/-ants/ConfigurationManager S=data.contigqms—18 ssa!2.1 T=1s 
0=18.31.12.1 C=ANTS_active_node 

sc.Linux LOAD 3322 d01l.csl.sri.com 
J=http://sequoia.csl.sri.com:7000/java/~GetStatl S=18.31.12.1 
S-16-31.1220-S=18 : 31212 .1 S=5000 
E=DISPLAY:melon.cs.nps.navy.mil:0.0 C=Standard_output_viewer 
sc.Linux PUT 3322 sequoia.csl.sri.com data.routes data.routes 
sc.Linux PUT 3322 sequoia.csl.sri.com data.config data.config 
sc.Linux LOAD 3322 sequoia.csl.sri.com 
J=http://sequoia.csl.sri.com:7000/ants- 
1.2.a/~ants/ConfigurationManager S=data.config S=18.31.12.2 T=18 
0=18.31.12.2 C=ANTS_active_node 

sc.Linux LOAD 3322 sequoia.csl.sri.com 
J=http://sequoia.csl.sri.com:7000/java/~GetStatl S=18.31.12.2 
S= erg 1222S —loe sez. 2 S=5000 
E=DISPLAY:melon.cS.nps.navy.mil:0.0 C=Standard_output_viewer 
sc.Linux PUT 3322 melon.cs.nps.navy.mil data.routes data.routes 
sc.Linux PUT 3322 melon.cs.nps.navy.mil data.config data.config 
sc.Linux LOAD 3322 melon.cs.nps.navy.mil 
J=http://sequoia.csl.sri.com:7000/ants- 
1.2.a/~ants/ConfigurationManager S=data.config S=18.31.12.3 T=18 
O0=18.31.12.3 C=ANTS_active_node 

sc.Linux LOAD 3322 melon.cs.nps.navy.mil 
J=http://sequoia.csl.sri.com:7000/java/~GetStatl S=18.31.12.3 
S=lS, 31.1228 G=16 3121273 :S=5000 
E=DISPLAY:melon.cs.nps.navy.mil:0.0 C=Standard_output_viewer 
Sc. LinuwextiiessZ2 d0l.csl.sri.com ( 


iS 


sc. Linux KILL 3322 °q0iecieecri com 0 

s¢.Linux KILL 3322 GdQiees]. sracomu0 

sc.Linux KILL 3322 sequoia.csl.sri.com 0 

se.Linux KILL 3322 sequoga.csl. Srigcom © 

sc.Linux KILL 3322 sequoia.csl.sri.com 0 

sc.Linux KILL 3322 melon.cs.nps.navy.mil 0 

sc.Linux KILL 3322 melon®es*®npstnayyemi 180 

sc.Linux KILL 3322 melon.cs.nps.navy.mil 0 

SCulanux PUL 33228001. csl.sriveom data.routes data.routes 
se.binux PUT 3322 d01.cesi. Srimecemudata .configeadataieemiig 
sc.Binux LOAD 3322 d0lwésim@sriveéom 
J=http://sequoia.csl.sri.com:7000/ants- 
i-2.a/~ants/ContigurationManager "“S=data-comsig S=l/esle12.1 T=18 
0=18.31.12.1 C=ANTS_active_node 

se.Linux LOAD 3322 d01.csi®sravecom 
J=http://sequoia.csl.sri.com:7000/java/~GetStatl S=18.31.12.1 
S—15 sel? S=lorsiee2e 1 S=5000 
E=DISPLAY:melon.cs.nps.navy.mil:0.0 C=Standard_output_viewer 
sc.Linux PUT 3322 sequoia.csl.sri.com data.routes data.routes 
sc.Linux PUT 3322 sequoia.csl.sri.com data.config data.config 
sc.Linux LOAD 3322 sequoia.csl.sri.com 
J=http://sequoia.csl.sri.com:7000/ants- 
1.2.a/~ants/ConfigurationManager S=data.config $=18.31.12.2 T=18 
0=18.31.12.2 C=ANTS_active_node 

sc.Linux LOAD 3322 sequoia.csl.sri.com 
J=http://sequoia.csl.sri.com:7000/java/~GetStatl S=18.31.12.2 
S=18 Soule. 2 S=ee 3a 12.2 S=5000 
E=DISPLAY:melon.cs.nps.navy.mil:0.0 C=Standard_output_viewer 
sc.Linux PUT 3322 melon.cs.nps.navy.mil data.routes data.routes 
sc.Linux PUT 3322 melon.cs.nps.navy.mil data.config data.config 
sc.Linux LOAD 3322 melon.cs-.nps.navy.mil 
J=http://sequoia.csl.sri.com:7000/ants- 
1.2.a/~ants/ConfigurationManager S=data.config S$=18.31.12.3 T=18 
0O=18.31.12.3 C=ANTS_active_node 

sc.Linux LOAD 3322 melon.cs.nps.navy.mil 
J=http://sequoia.csl.sri.com:7000/java/~GetStat1l S=18.31.12.3 
S=18.31012.3 S=leysiyl2Zae S=5000 
F=DISPLAY:melon.cs.nps.navy.mil:0.0 C=Standard_output_viewer 
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Sc 


sc 


sc 


sc 


Se: 


sc 


SC 


SG. 


sc 


2 Laas 
. Linux 
» Ll ae 
anus 
[Lines 
Elli sleeh bb 


Mibalsek bp 


hanwx 


Alerigekbb*< 


Keeints 
 SIEILIL, 
st EL 
KILL 
KELL 
KILL 
Pie 
KILL 
SGI Er 


S22 
S322 
ge22 
3322 
33:22 
3322 
SoZ 
S322 
S322 


e0iieesi.. 
quis csl. 


aol esl 


sequoia. 


sequoia 


sequoia. 
melon.cs.nps.navy.mil 0 
melon.cs.nps.navy.mil 0 


melon.cs.nps.navy.mil 0 


Srl. 
sri. 
S71 
esi: 


BES]. 


csl 


aistaull 


bs 


i.com 0 


1.com 0 


rcom: 0 





APPENDIX H. OUTPUTS OF THE PLAN ACTIVE ROUTER 


A. PORT 3324, MAIN ROUTER 


25-Jan-99 7:29:37 PM: ARMain: logfile set to m24 
25-Jan-99 7:29:37 PM: ActiveRouter.start: Active router up! 
29-Jan-99 7:29°37 PM: ActiveRouter: OUT to IPv4UDP 
(melon CS=mps .Nnavy milly lolel2o- 244, 5524) 5% fsmeooxie 
29-Jan-99 7:29:37 PM: ActiveRouter: OUT: succeeded 
25-Jan-99 7:29:37 PM: SLRPmaster: received a request to add: 
[Py4UDP™; (melon.cs.fps.navy enue, lolet2. | .e44, o524) 
25-Jan-99 7:29:37 PM: ActiveRouter: OUT to IPv4UDP 
(melon cs nps lavy- mily~l3i2120. 1.244, 3324) : newt 
25-Jan-99 7:29:37 PM: ActiveRouter: OUT: succeeded 
25-Jan-99 7:29:37 PM: ActiveRouter: IN from IPv4UDP 
(melon cS nps  Mavy.mrl/sloi 1 20a), 244, 3324)" Est Goeme 
25-Jan-99 7:29:37 PM: ActiveRouter: IN from IPv4UDP : ( 
melon.cs.nps.navy.mil/131.120.1.244, 3324): newRT 
25-Jan-99 7:29:37 PM: SLRP: received new route table. 
25-Jan-99 7:29:47 PM: ActiveRouter: IN from IPv4UDP 
(melon.cs.nps.navy.mil/131.120.1.244, 3324): addme 
25-Jan-99 7:29:47 PM: ActiveRouter: OUT to IPv4UDP 
(melon. cS nps navy mil/1lsielZ0al 24452326)" feceoekic 
25-Jan-99 7:29:47 PM: ActiveRouter: OUT: succeeded 
25-Jan-99 7:29:47 PM: SLRPmaster: received a request to add: 
IPv4UDP : (melon.cs.nps.navy.mil/131.120.1.244, 3326) 
25-Jan-99 7:29:47 PM: ActiveRouter: OUT to IPv4UDP 
(melon.cs.nps.navy.mil/131.120.1.244, 3326) : newRT 
25-Jan-99 7:29:47 PM: ActiveRouter: OUT: succeeded 
25-Jan-99 7:29:47 PM: ActiveRouter: OUT to IPv4UDP 
(melon.cs.nps .navy.mil/131.120.1.244, 3324) : newRT 
25-Jan-99 7:29:47 PM: ActiveRouter: OUT: succeeded 
25-Jan-99 7:29:47 PM: ActiveRouter: IN from IPv4UDP 
(melon.cs.nps .navy.mi1/131.120.1.244, 3324): newRT 
25-Jan-99 7:29:47 PM: SLRP: received new route table. 
25-Jan-99 7:29:47 PM: ActiveRouter: OUT to IPv4UDP 
(melon.cs.nps .navy.mil/131.120.1.244, 3326) : livereport 
25-Jan-99 7:29:47 PM: ActiveRouter: OUT: succeeded 
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25-Jan-99 
(melon.cs 


25-Jan-99 


(melon.cs. 


25-Jan-99 
25-Jan-99 
LPV4UDEP : 
25 tei 


(melon.cs. 


25-Jan-99 
25-Jan-99 
(melon.cs 
25-Jan-99 
MISSI) ag = 5) 
(melon.cs 
20 he 
25-Jan-99 
(melon.cs 
25-Jan-99 
O53 1S raligi= 2) 5 
(melon.cs 
BS =) GUNS Ss, 
25-Jan-99 
(melon.cs 
25-Jan-99 
(melon.cs 
25-Jan-99 
25-Jan-99 


(melon.cs. 


25-Jan-99 
(melon.cs 
25-Jan-99 
29-Janage 


(melon.cs. 


25-Jan-99 
(melon.cs 


25-Jan-99 


-nps .navy.mil1/131.120.1.244, 


mos. Daver.ml 1/1312 leeere 244) 


Pnps -Nawy mil, lol. 120.16 244 7 


SOS Navy. m1. l/ els 20a ade 


wes .naxgzemil/13sl.120.1.244, 


pos navy -mil/i3si._i20m. 244, 


NpSwievaemi 17 dele 2 0. 244, 


anps .nassy-mil/dal. 2051 .244, 


.nps .navy.mil/131.120.1.244, 


IN from IPv4UDP 
3324): addme 
7:29:57 PM: ActiveRoutern: OUT to TPyvALDP 
Nps . Navy me eee 201.244) 3325) 
OUT: 


7:29:57 PM: ActiveRouter: 


£fstCookie 
d29: 5/7 SPM Ret VeCROUECS : succeeded 
7:29:57 PM: SLRPmaster: 
(melon.cs.nps.navy.mil/131.120.1.244, 3325) 
7:29:57@PM: AGtiveRouter: OUR»eto IPv4AUbP 

Wpsenavy smb 1 oA. 244553325) 


Om: 


newRT 
7:29:57 PM: ActiveRouter: succeeded 
OUT to IPv4UDP 
3326) 


OU: 


7:29:57 PM: ActiveRouter: 
newRT 
7:29:57 PM: ActiveRouter: succeeded 
OUT to IPv4UDP 
3324) 
OIUSE & 
IN from LPv4Ube 


Soe: 


7:29:57 PM: ActiveRouter: 
newRT 
7:29:57 PM: ActiveRouter: succeeded 
7:29:57 PM: ActiveRouter: 
newRT 
7:29:57 PM: SLRP: received new route table. 
OUT to IPv4UDP 

$325) 


OUL: 


7:29:57 PM: ActiveRouter: 
livereport 
74:29:57 PM: ActiveRouter: succeeded 
IN from IPv4UDP 
3324): 
OUT to IPv4UDP 
SSS) ) 


OULL: 


7:30:07 PM: ActiveRouter: 
livereport 
7:30:07 PM: ActiveRouter: 
livereport 
7:30:07 PM: ActiveRouter: succeeded 
IN from IPv4UDP 
3324). 
OUT to IPv4UDP 
3:32.55) 


OUT: 


7:30:17 PM: ActiveRouter: 
Npsenavy -mil/l3i Oe 244, livereport 
7:30:17 PM: ActiveRouter: 
livereport 
73:30:17 PMeeActIveRouter : succeeded 
7:30:27 PM: ActiveRouter: IN from IPv4UDP 
nps. naxyemi V/s I 20 2dd,. 3324)- 
OUT to IPv4UDP 
S325) 


Owl: 


livereport 
7:30:27 PM: ActiveRouter: 
livereport 


7:30:27 PM: ActiveRouter: succeeded 
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received a request to add: 


25-Jan-99 
(medones 
25-Jan-99 
25-Jan-99 
(melon.cs 
25-Jan-99 
(melon.cs 
25-Jan-99 
25-Jan-99 
(melon.cs 
25-Jan-99 
(melon.cs 
25-Jan-99 
25 -Jatiaoe 
(melon.cs 
25-Jan-99 
(melon.cs 
25-Jan-99 
25-Jan-99 
(melon.cs 
25-Jan-99 
(melon.cs 
25-Jan-99 
25-Jan-99 
(melon.cs 
25-Jan-99 
(melon.cs 
25-Jan-99 
25-Jan-99 
(melon.cs 


25-Jan-99 


(melon.cs. 


25-Jan-99 
25-Jan-99 
(melon.cs 
25-Jan-99 
(melon.cs 


25-Jan-99 


Mpsonavy sid / 13 e012 44 ; 


-nps navy .mild/isP ie 2a 


-Nps .navy-mil/b3 1. 1 2Oeee 244, 


sNpS..Mavy mil/ ijl 2081 2244" 


Mipsenavy mil /1 Sis i20n P2444, 


hibs-fMavy.mil/l3l2i202 1244, 


7:30:37 PM: ActiveRouter: OUT to IPvV4UDP 


pS. Naviy.niewy woe ZO. ll. 244." 33725) livereport 
7:30:37 PM: ActiveRouter: OUT: succeeded 
7:30:37 PM: ActiveRouter’® IN® irom SPv4UPP 

.nps .navyemil / lode 20. 1 e244 ,@b324) mliverepert 
7:30:47 PM: ActiveRouter: OUT to IPv4UDP 

sHpS. Navy my, ee 2 443325) livereport 
7:30:47 PM: ActiveRouter: OUT: succeeded 
7:30:47 PM: ActiveRouter: IN from IPv4UDP 
sipS.navy-miel/ 1312020 244563324)- a vexreoore 
2330: 57) PM» AGtiveRoucer: OUT to IPv4upB 

saps .Mienay .mideges] . 20.1 . 244 ,w83259 livereport 
7:30:57 PM: ActiveRouter: OUT: succeeded 


IN from IPv4UDP 
8324): 
OWR to IPv4UDP 
35:25) 
OUT: 
IN from IPv4UDP 
3324): 


7:30:57 PM: ActiveRouter: 
livereport 
7:31:07 PM: ActiveRouter: 
livereport 
7:31:07 PM: ActiveRouter: succeeded 
7:31:07 PM: ActiveRouter: 
livereport 


7:31:17 PM: ActiveRouter: OUT to IPv4UDP 


pS Navy. Ake 10S ie eee 32 livereport 
7:31:17 PM: ActiveRouter: OUT: succeeded 
7:31:17 PM: ActiveRouter: IN from IPv4UDP 
nps.navy.mply 1312091244, 93324)4 Aaverepert 
7:31:27 PM: ActiveRouter: OUT to IPv4UDP 

amps .navy.mil/130e—n1 20m 244, 3325) livereport 
7:31:27 PM: ActiveRouter: OUT: succeeded 


IN from IPv4UDP 
3324): 


7:31:28 PM: ActiveRouter: 
livereport 
OUT to IPv4UDP 

Be250 
OUT: 
IN from IPv4UDP 
Sy alee 
OUT to IPv4UDP 
Bao) 
OUT= 


vy: 3le@@e PM: ActiveRouter: 
nos .navy.mil/ilsileiZuel . 244% livereport 
7:31:37 PM: ActiveRouter: succeeded 
7:31:38 PM: ActiveRouter: 
livereport 
7:31:47 PM: ActiveRouter: 
livereport 


7:31:47 PM: ActiveRouter: succeeded 


We, 


B. PORT 3325 


25-Jan-99 7:29:57 PM: ARMain: logfile set to m25 
25-Jan-99 7:29:57 PM: ARMain: using incoming port 3325 
25-Jan-99 7:29:57 PM: ARMain: master set to IPw4UDP 
(melon .csS?nps: navy mil ls. 1207). 244 ,s372) 

25-Jan-99 7:29:57 PM: ActiveRouter.start: Active router up! 
25-Jan-99 7:29:57 PM: ActiveRouter: OUT to IPw4UDP 
(melon.cs.nps.navy.mil/131.120.1.244, 3324) : addme 
25-Jan-99 7:29:57 PM: ActiveRouter: OUT: succeeded 
25-Jan-99 7:29:57 PM: ActiveRouter: IN from IPv4UDP 
(melon.cs.nps.navy.mil/131.120.1.244, 3325): fstCookie 
25-Jan-99 7:29:57 PM: ActiveRouter: IN from IPv4UDP 
(melon.cs.nps.navy.mil/131.120.1.244, 3325): newRT 
25-Jan-99 7:29:57 PM: SLRP: received new route table. 
25-Jan-99 7:29:57 PM: ActiveRouter: IN from IPv4UDP 
(melon.cs.nps.navy.mil/131.120.1.244, 3325): livereport 
25-Jan-99 7:29:57 PM: ActiveRouter: IN from IPv4UDP 
(melon.cs.nps.navy.mi l/s tyl20 73244 es 25):" liverepore 
25-Jan-99 7:30:07 PM: ActiveRouter: IN from IPv4UDP 
(melon.cs.nps .navwy.mil/ 1 Sameer] .244, 3325): liverepért 
25-Jan-99 7:30:07 PM: ActiveRouter: OUT to IPv4UDP 
({melon:.cs .nps navy -mrl/131yiZerie 2449 3326 >> Tivereport 
25-Jan-99 7:30:07 PM: ActiveRouter: OUT: succeeded 
25-Jan-99 7:30:07 PM: ActiveRouter: OUT to IPv4UDP 
(melon.cs.nps.navy.mil/131.120.1.244, 3324) : livereport 
25-Jan-99 7:30:07 PM: ActiveRouter: OUT: succeeded 
25-Jan-99 7:30:07 PM: ActiveRouter: IN from IPv4UDP 
(melon.cs ips navy .mil/13.12061.244,%3325): liverepért 
25-Jan-99 7:30:17 PM: ActiveRouter: IN from IPv4UDP 
{melon .cs/nps Navy .mil/1lsl- 120017244, 3325): livereport 
25-Jan-99 7:30:17 PM: ActiveRouter: OUT to IPv4UDP 
(melon.cs.nps.navy.mil/131.120.1.244, 3326) : livereport 
25-Jan-99 7:30:17 PM: ActiveRouter: OUT: succeeded 
25-Jan-99 7:30:17 PM: ActiveRouter: OUT to IPv4UDP 
(melon.cs.nps.navy.mil/131.120.1.244, 3324) : liwvereport 
25-Jan-99 7:30:17 PM: ActiveRouter: OUT: succeeded 
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25 - James 9 
(melon.cs 
25-Jan-99 
(melon.cs 
25-Jan-99 
(méelonmes 
25-Jan-99 
25-Jan-99 
(melon.cs 
25-Jan-99 
25-Jan-99 
(melon=cs 
25-Jan-99 
(melon.cs 
25-Jan-99 
(melon.cs 
25-Jan-99 
(melon.cs 
25-Jan-99 
25-Jan-99 
(melon.cs 
25-Jan-99 
25-Jan-99 
(melon.cs 
25-Jan-99 
(melon.cs 
25-Jan-99 
(melon.cs 
25-Jan-99 
25 -oella o2 
(melon.cs 
25-Jan-97 
25-Jan-99 


(melon.cs. 


25-Jan-99 


(melon.cs. 


25-Jan-99 


(melon.cs 


7:30:17 PM: ActiveRouter: IN from IPv4UDP 


“nps navy .mil/131.120-1.244, “3825): livereport 
7:30:27 PM: ActiveRouter: IN from IPwv4UDP 

sOps .navy.ieel/ .1 201.244, 325) :. Mvercrort 
7:30:27 PM: ActiveRouter: OUT to IPw4UDP 

mips Navy .mil/isl . P20el . 2445226 livereport 
7:30:27 PM: ActiveRouter: OUT: succeeded 
7230:27 PM: ActiveRouter: OUT to IPw4UDP 
.nps.nawy.mil/131.120¢1.244, 3324) livereport 
7:30:27 PM: ActiveRouter: OUT: succeeded 
7:30:27 PM: ActiveRouter: IN from IPv4UDP 

anos .navy . mil A@ieeh208 1 e244, 3 25)emelivereport 
7:30:37 PM: ActiveRouter: IN from IPv4UDP 
Nps. navy .mil/i31.120¢@i9244, 3325)5" liverepore 
7:30:37 PM: ActiveRouter: IN from IPv4UDP 

saps .nawy.metl /@31.120.1.244, 6325.6 laverepermt 
7:30:37 PM: ActiveRouter: OUT to IPv4UDP 

mips .naxe7 mi b/s. 120.1. 24a 2G) livereport 
7:30-37 PM: ActiveR@ucers™ OUT: succecded 
7:30:37 PM: ActiveRouter: OUT to IPv4UDP 

Mos navy -mil/l3sieiert. 244, 3324) livereport 
7:30:37 PM: ActiveRouter: OUT: succeeded 
7:30:47 PM: ActiveRouter: IN from IPv4UDP 

mas .mavy .tml/131.120.1. 244, 3325): liverepore 
7:30:47 PM: ActiveRouter: IN from IPv4UDP 

“nos .navy.mil/13 1312081 .244, 32325)}eniaverepore 
7:30:47 PM: ActiveRouter: OUT to IPv4UDP 

Phos .Nawy-mll/13l. i205) Zac sazo) livereport 
7230:47 PM: ActiveRouter: OUT: succeeded 
7230-47 PM: ActiveReuter: OUT to 1PyaeErP 
.nps@mavy .mil/13aenl 20008. 244, 33240 livereport 
7:30:47 PM: ActiveRouter: OUT: succeeded 
7:30:57 PM: ActiveRouter: IN from IPv4UDP 

nps .navy.mil/131.120.1.244, 9325): liveresore 
Wee0': Sime PM: ActiveRouter: IN trom IPv4UDP 

nps .navy.mil/131.120.1.244, 3325): livereport 
Pa30:>57)-PM: ActiveRowter: OUT to IPvy4UDP 

Wes avy .mil/131.120.1.244, 3326) livereport 
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25-Jan-99 
25-Jan-99 
(melon.cs 
25-Jan-99 
25-Jan-99 
(melon.cs 
25-Jan-99 
(melon.cs 
25-Jan-99 
(melon.cs 
25-Jan-97 
25-Jan-99 
(melon.cs 
25-Jan-99 
25-Jan-99 
(melon.cs 
Zo Jano 
(melon.cs 
25-Jan-99 
(melon.cs 
25-Jan-99 
25-Jan-99 
(melon.cs 
25-Jan-99 
25-Jan-99 


(melon.cs. 


25-Jan-99 


(melon.cs. 


25-Jan-99 


(melon.cs. 


25-Jan-99 
25-Jan-99 
(melon.cs 
25-Jan-99 
25-Jan-99 
(melon.cs 
25-Jan-99 


(melon.cs 


7:30:57 PM: ActiveRouter: OUT: succeeded 


7:30:57 PM: ActiveRouter: OUT to IPv4UDP 

ps navy ml bee 0 a4 S324) livereport 
7:30:57 PM: ActiveRouter: OUT: succeeded 
7:31:07 PM: ActiveRouter: IN from IPv4UDP 
Waps.NawavemiL/ lsd .120.1.244, 3325): livereport 
7:31:07 PM: ActiveRouter: IN from IPv4UDP 

snpS Navy wwl)/ 13 12014244 sees 2S ewleavereport 
7:31 370@°PM: AGtiveRouter* OUT’toOml Pv4UDP 
MipseheawyemMLi/isiclz0. 1.2445" 3326) livereport 
7:31:07 PM: ActiveRouter: OUT: succeeded 
(23030 ePM: ActiveRouter=:s: OUT to ITPv4UpP 

“Nps navy .mil/131. BOO" 1 Saeed Se") livereport 
7:31:07 PM: ActiveRouter: OUT: succeeded 
7:31:17 PM: ActiveRouter: IN from IPv4UDP 

imps -Nawaemil/a31. 120g. 24453325)." liverepore 
7:31:17 PM: ActiveRouter: IN from IPv4UDP 

“Nps .navy.mil jag] .12001.244,0@8325): Tivereport 
7:31:17 PM: ActiveRouter: OUT to IPv4UDP 
-npsinmavy . mi 1315, 220m. 244 , 68326) livereport 
7:31:17 PM: ActiveRouter: OUT: succeeded 
7:31:17 PM: ActiveRouter: OUT to IPv4UDP 

MNOS navy nvl/ isis e20er 244, 3a24) livereport 
7:31:18 PM: ActiveRouter: OUT: succeeded 
7:31:27 PM: ActiveRouter: IN from IPv4UDP 

Mps .navay.m11/131. Pe0n1.244,88325): Tivereport 
7:31:27 PM: ActiveRouter: IN from IPv4UDP 

Nps= Navas madly 3 141202 14244 63325) eli vereport 
7:31:28 PM: ActiveRouter: OUT to IPv4UDP 

mpSs .navay .mael /]1 3deedZOmib. 244, 3326) livereport 
7:31:28 PM: ActiveRouter: OUT: succeeded 
7:31:28 PM: ActiveRouter: OUT to IPv4UDP 

ips. navy meee 1S. Weer 1. 244, 3324) livereport 
7:31:28 PM: ActiveRouter: OUT: succeeded 
7:31:37 PM: ActiveRouter: IN from IPv4UDP 

snps .navazemi l/ P31 e120522 244, 33. 259ee Mevereperec 
7:31:37 PM: ActiveRouter: IN from IPv4UDP 
.nps.navy.mil/13] 71208; 244753325): liverepore 
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C. PORT 3326 


25-Jan-99 
25-Jan-99 
(melon.cs 
25-Jan-99 
25-Jan-99 
(melon.cs 
Ze -Jan-oa 
25-Jan-99 
(melon.cs 


25-Jan-99 


(melon.cs. 


25-Jan-99 
25-Jan-99 
(melon.cs 


25-Jan-99 


(melon.cs. 


25-Jan-99 
25-Jan-99 


(melon.cs. 


25-Jan-99 
25-Jan-99 
(melon.cs 
25-Jan-99 
25-Jan-99 
(melon.cs 


25-Jan-99 


(melon.cs. 


25-Jan-99 
25-Jan-99 
(melon.cs 


25-Jan-99 


(melon.cs. 


25-Jan-99 
25-Jan-99 


(melon.cs 


pS .navyomil/ 1S PeeZ0.1 244, 


sMps@navy .mal /13a. pam 1 .244, 


pS Navy. mr, Jode2er 0.1244, 


Hosp Nave mi 1/3 vee 244, 


Nps .nawa.m11/131.120-1.244, 


Nps. Naxsamll/eel. 12001. 224% 


.nps .navy.mil/131.120.1.244, 


029247 PMs ARMaaeelbogtile set eo m26 
7:29:47 PM: ARMain: master set to IPv4UDP 
3324) 

VIU29s4a7" PM: Activemouter .start: 
OUT to IPv4UDP 


3324) addme 


7:29:47 PM: ActiveRouter: 
OUT: succeeded 
IN from IPv4UDP 
BE a oy 
IN from IPv4UDP 
Sa 20)": 


7:29:47 PM: ActiveRouter: 
7329 :478PM: AGtlveRouter; 
fseCookiec 
7:29:47 PM: ActiveRouter: 
Mops navy - m2 U/ 13 eOe 244; 
7229:47 PM: SLURP: 


newRT 
received new route table. 


7:29:47 PM: ActiveRouter: IN from IPv4UDP 


Nps .navy.mil/13 leli2Om! .244, 08826): Tivereport 
7:29:57 PM: ActiveRouter: IN from IPv4UDP 
nps .navy smil/ 132g 4, 332608. newRT 


7:29:57 PM: SLRP: received new route table. 
72:29:57 PM: ActiverRouter: OUT to TPvaAUDP 
Npsenavy mee si el 20ers, 3325) 


OUT. 


livereport 
B29 2S 7ee Ms eAeCkiveRouter: succeeded 
OUT to IPv4UDP 
S325) 
me30:07 PM: AcCtiveRouter: OUT: 
IN from IPv4UDP 
33260= 
7:30:17 PM: ActiveRouter: OUT to IPv4UDP 
nps .navy.mil/131.120.1.244, 3325) 


OUT: 


7:30:07 PM: ActiveRouter: 
livereport 
succeeded 

7:30:07 PM: ActiveRouter: 


livereport 


livereport 
7230;:17 PM: ActiveRouter: succeeded 
IN from IPv4UDP 
Be 6) : 
Peco: 2/ PM: ActiveRouter: OUT to IPyvaupP 
mos .Navy.mil/131.120.1.24@, 9825) 
OUL: 
IN from IPv4UDP 


SO2 0): 


7:30:17 PM: ActiveRouter: 


livereport 


livereport 
7:30:27 PM: ActiveRouter: succeeded 
7:30:27 PM: ActiveRouter: 


livereport 


Active router up! 


25-Jan-99 
(melon.cs 
25-Jan-99 
25-Jan-99 
(melon.cs 


Z5=Jan-99 


(melon.cs. 


25-Jan-99 
In 5 hist 2), 
(melon.cs 
25-Jan-99 
(melon.cs 
22 Jane 
25-Jan-99 
(melon.cs 
25-Jan-99 
(melon.cs 
25-Jan-99 
25-Jan-99 
(melon.cs 
25-Jan-99 
(melon.cs 
25-Jan-99 
25-Jan-99 
(melon.cs 
25-Jan-99 
(melon.cs 
J) = Vana) =) 
25=Jan-99 
(melon.cs 
25-Jan-99 
(melon.cs 
25-Jan-99 
25-Jan-99 
(melon.cs 
ZS =A) sil! :, 
(melon.cs 


25-Jan-99 


sNps - Navy -mMi1/13 lel ZO. 224 , 


imps navy si 13 eZ 0 den 244 


7:30:37 PM: ActiveRouter: OUT to IPv4UDP 


-NpSanavy -mil eee Oe 224733825) livereport 
7:30:37 PM: ActiveRouter: OUT: succeeded 
7:30:37 PM: ActiveRouter: IN from IPv4UDP 

.nps .navy.mil/as 1.1208 19244 S83 26)imvereport 
7:30:47 PM: ActiveRouter: OUT to IPv4UDP 

npS navy mally Paneer 0 1 244, 3325) livereport 
7:30:47 PM: ActiveRouter: OUT: succeeded 


IN from IPv4UDP 
BS20) : 
OUT to IPv4UDP 
3320) 
OUAs: 


Weea0: 47 PM: ActiveRouters 
livereport 
(230-577 PM: ActiveRouter; 
livereport 
30257) PM: ACtiveRouter succeeded 


7230-57 PM: Ag@tigseRouter, INpfronmaevy4 UP 


inps navy smal /13 Prose 244 3326)" livereport 
7:31:07 PM: ActiveRouter: OUT to IPv4UDP 

wos navy .mil/ Lael. Omi , 9825) livereport 
7:31:07 PM: ActiveRouter: OUT: succeeded 
7:31:07 PM: ActiveRouter: IN from IPv4UDP 

-nps .navy.mi1/131.120.1.244, 3326): livereport 
7:31:17 PM: ActiveRouter: OUT to IPv4UDP 

Nps navy .mil/131.120e@1 .24476325) livereport 
7:31:17 PM: ActiveRouter: OUT: succeeded 
7:31:17 PM: ActiveRouter: IN from IPv4UDP 

Sips navy ene | / St, POW, 244,383.26) Mi vereport 
7231:27 PM: ActiveRouter: OUT to IPv4UDP 

sips .navy.ml l/s). 2021. 244 , ~3325) livereport 
7:31:27 PM: ActiveRouter: OUT: succeeded 
7:31:28 PM: ActiveRouter: IN from IPv4UDP 
wpswmawmy.mil/131.120.1.244,°38@26): liverepoasst 
7:31:37 PM: ActiveRouter: OUT to IPv4UDP 

Snips .navy.mil/ e202 1.. 2244 )93325) livereport 
7:31:37 PM: ActiveRouter: OUT: succeeded 
7:31:38 PM: ActiveRouter: IN from IPv4UDP 
-nps’.navy.mil/1 30 2447" 3326): livereport 
7:31:47 PM: ActiveRouter: OUT to IPv4UDP 

Tips .navyemil /#3 1.20 , Pee24 Sess livereport 
7:31:47 PM: ActiveRouter: OUT: succeeded 


124 


25-Jan-99 
(melon.cs 
Baa eV) S) 
(melon.cs 
25-Jan-99 
2 5= lets sie) 
(melon.cs 
25-Jan-99 
(melon.cs 
29-Jan-99 
Ze aia 
(melon.cs 
25-Jan-99 
(melon.cs 
25-Jan-99 
25-Jan=99 
(melon.cs 
25-Jan-99 
(melon.cs 
25-Jan-99 
25-Jan-99 
(melon.cs 


25-Jan-99 


(melon.cs. 


25-Jan-99 
25-Jan-99 


(melon.cs. 


25-Jan-99 


(melon.cs. 


25-Jan-99 
25-Jan-99 


(melon.cs. 


25-Jan-99 
(melon.cs 


25-Jan-99 


SHS aw ma '7/i3s1.1Z20.1.244, 


7:31:48 PM2e Ace veRouter: IN from: f£ev4UDP 


WoSs Navy mee 20 bead, S320). hivereport 
9231:57 PM ActiveRouter: OUT to LPV4UDP 

pS es navy sit W/O, 2447 33 25} livereport 
7:31:57 PM: ActiveRouter: OUT: succeeded 
7:31:58 PM: ActiveRouter: IN from IPw4UDP 

Mbps Nawy tit, eee 20.17.2244, 3326): lLivereport 
7:32:07 PM: ActiveRouter: OUT to IPv4UDP 

mips “Newsy emily 3) AO, 244° 3325) livereport 
7:32:07 PM: ActiveRouter: OUT: succeeded 
7:32:08 PM: ActiveRouter: IN from IPv4UDP 

eps lassen) / 13 a2 Oe 4 3326). livereport 
7:32:17 PM: ActiveRouter: OUT to IPv4UDP 

Pipe aia li lol 20d. 2445) 3325) livereport 
7:32:17 PM: ActiveRouter: OUT: succeeded 
7:32:18 PM: ActiveRouter: IN from IPv4UDP 
MMPs. Navy -mi1/1312.1220.1.244, 3326): lavereport 
7:32:27 PM: ActiveRouter: OUT to ILPv4UDP 

ips. Navy 131205122445" 3325) livereport 
7:32:27 PM: ActiveRouter: OUT: succeeded 
7:32:28 PM: ActiveRouter: IN from IPv4UDP 
ps. Navy mm/s 1 205 le244, 3326) >" livereport 
7:32:37 PM: ActiveRouter: OUT to LPv4UDP 

Mose Navy amr lo ele 244 3 3 25) livereport 
7:32:37 PM: ActiveRouter: OUT: succeeded 
7:32:38 PM: ActiveRouter: IN from IPv4UDP 
nmps.Mavy.mii/l3alet20.1,.244, 3326): livereport 
7:32:47 PM: ActiveRouter: OUT to IPv4UDP 
Mpsenavy want, L320 1244 3325) livereport 
7:32:47 PM: ActiveRouter: OUT: succeeded 


IN from IPv4UDP 
322,06): 
OUT to IPv4UDP 
S325) 
Our: 


7:32:48 PM: ActiveRouter: 
Mos-tavy mil lst b20. 1. 2447 
7232557] 


livereport 
PM: ActiveRouter: 
livereport 


7:32:57 PM: ActiveRouter: succeeded 
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